The Prevalence of Ear Diseases in Urban and Rural Netherlands by Hendriksen, Menk & Hendriksen, Menk
 The prevalence of ear diseases in urban 
and rural Netherlands 
 
A comparison between Alkmaar and Middenbeemster: A medieval 
and a post-medieval site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Menk Hendriksen 
 
2 
 
Cover photo: Tympanic cavity with new bone growth in the oval window; Incus 
with osteoma; and mastoid process with possible drainage holes (Laboratory for 
Osteoarchaeology, University of Leiden). Edited by: Menk Hendriksen.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contact details: 
Adress  Herenstraat 108a 
2313 AM Leiden 
Email  Menk_h@hotmail.com 
Telephone 06-10303990 
3 
 
Menk Hendriksen              Supervisor: 
S1456466                    Dr. S.A. Inskip 
 
 
 
 
 
The prevalence of ear diseases in urban and rural 
Netherlands 
 
A comparison between Alkmaar and Middenbeemster: A medieval and a 
post-medieval site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Human Osteology and Funerary Archaeology 
University of Leiden, Faculty of Archaeology 
Leiden, 16
th
 of June 2014, Final 
Course: Master thesis 
(ARCH 1044WY) 
4 
 
Table of Contents 
 
      Acknowledgements………………………………………………………….6 
1. Introduction……………………………………………………………..7 
1.1    Research questions……………………………………………….10 
1.2    Hypothesis………………………………………………………..11 
1.3    Outline of research……………………………………………….11 
2. Background……………………………………………………………...13 
          2.1 Introduction of the ear……………………………………………13 
          2.2 Introduction of diseases of the ear………………………………..15 
    2.2.1 Infectious diseases………………………………………………..16 
          a)   Otitis………………………………………………….16 
          b)   Mastoiditis…………………………………………....19 
 2.2.2 Congenital diseases………………………………………………20 
          a)   Otosclerosis…………………………………………..20 
2.2.3 Neoplasms………………………………………………………..21 
          a)   Cholesteatoma………………………………………..21
           b)   Incudal osteoma……………………………………...22 
          2.3 Historical context………………………………………………...22 
 2.3.1    Alkmaar…………………………………………………………..22 
  2.3.2 Middenbeemster………………………………………………… 24 
3. Materials and methods………………………………………………....26 
   3.1 Material…………………………………………………………..26 
         3.2 Methods…………………………………………………………..27 
   3.3 Differential diagnosis…………………………………………….28 
4. Results…………………………………………………………………...39 
   4.1 Sample size……………………………………………………….39 
         4.2 Pathological conditions…………………………………………...41 
            4.2.1    Alkmaar…………………………………………………………..41 
4.2.2 Middenbeemster………………………………………………….48 
   4.3  Results of the differential diagnosis……………………………...55 
5. Discussion………………………………………………………………..58 
   5.1 Summary of the main results……………………………………..58 
   5.2 Infectious diseases in Alkmaar and Middenbeemster……………60 
5 
 
   5.3 Identified ear diseases in Alkmaar and Middenbeemster………...66 
6. Conclusion……………………………………………………………….69 
   6.1 Future research…………………………………………………...70 
Bibliography………………………………………………………………...71 
List of figures………………………………………………………………..78 
List of tables…………………………………………………………………79 
7. Appendixes………………………………………………………………80 
Appendix A: Ear pathology recording form……………………...80 
      Abstract……………………………………………………………………...87 
      Samenvatting………………………………………………………………..88 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 
 
Acknowledgements 
 I would like to thank everybody from the Faculty of Archaeology, 
University of Leiden. My fellow Master students for their open mind and 
helpfulness with problems. Dr. Waters-Rist for getting the otoscope so I could do 
my research. I would like to thank the staff of the laboratory for Botany of the 
University of Leiden for their hospitality and allowing me to use their 
microscopes. Especially, I would like to thank Dr. Inskip for her advice and 
helpful comments during the process of this research. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7 
 
1. Introduction 
The study of paleopathology focuses on ancient diseases, and is used to 
gain better knowledge about the history of disease, their origin and evolution, and 
what impact they can have on the human skeleton. Paleopathology therefore 
provides us primary information about the status of health from ancient societies 
(Roberts and Manchester 2010, 1). The study of Roberts and Manchester (2010) is 
based on the fact that bone changes due to a chronic disease. When a disease has 
passed its acute phase, the chronic phase starts and the body adapts to the disease 
by forming and/or destroying bone. When the sick person dies, which may or may 
not be caused by the chronic disease, the skeletal lesions remain visible and are 
the primary source for palaeopathological studies (Roberts and Manchester 2010, 
5-7). We are fortunate that quantities of diseases will affect the skeleton, so we are 
able to retrieve and study them to gain further knowledge about the progress of 
diseases and what effect they can have on a human skeleton (Waldron 2009, 1).  
Palaeopathology embraces all the kinds of diseases that leaves traces in 
bone. These include circulatory disturbances, metabolic disorders, congenital 
abnormalities, skeletal dysplasias, tumors of bone, joint diseases, dental diseases, 
trauma and infections (Ortner 2003). From all of these diseases, infectious 
diseases form probably the greatest cause of skeletal lesions and deaths. Before 
the invention of  antibiotics, bacteria and viruses caused infectious diseases. It is 
thought that many of the children that we find in the skeletal record from ancient 
graveyards died due to an infectious disease (Roberts and Manchester 2010, 164-
166). Infectious diseases that affect the skeleton include tuberculosis, syphilis, 
leprosy, polio and osteomyelitis. Most infectious diseases spread through the 
fecal-oral route. This can happen through various ways, for instance by drinking 
contaminated water, eating food that has been prepared near to fecal matter, flies 
that contaminate food and drinking water, and poor hygiene (Waldron 2009, 83). 
In the history of the human evolution, there are three periods that showed 
increases or decreases of the prevalence of infectious diseases. The first one is the 
Neolithic revolution, when farming was accepted on a large scale and the 
prevalence of infectious diseases rose. The industrialization in the mid-nineteenth 
century in Europe and North America was the second period, in which the 
prevalence of infectious diseases decreased due to a better living environment. 
The third period is the modern time, with the upcoming of old and new infectious 
8 
 
diseases and the resistivity to antibiotics, the prevalence of infectious diseases is 
rising (Roberts and Manchester 2010, 164). 
Congenital diseases are abnormalities that occur in the soft tissues and the 
hard tissues, and are the most distinct when they happen in the development of the 
body. The pathological changes in the development of the child usually occur in 
the period that the child is still in the uterus (Aufderheide and Rodríguez-Martín 
1998, 51). Congenital diseases are caused by genetic or environmental influences. 
Genetic factors that play a role are single gene disorders, chromosomal disorders 
and multifactorial disorders. As for environmental factors, viral infections of the 
mother, drugs and alcohol use of the mother and exposure to radiation and 
chemical can cause congenital diseases (Aufderheide and Rodríguez-Martín 1998, 
51; Roberts and Manchester 2010, 46-47). The malformations caused by 
congenital diseases can be divided into three categories. Aplasia is a total failure 
of development, hypoplasia is partial failure of development, and hyperplasia is 
the overdevelopment of tissues (Roberts and Manchester 2010, 46). Although the 
number of deaths due to congenital diseases in archaeological samples is low, the 
mortality in the first years of the life of children with a congenital disease is high 
(Roberts and Manchester 2010, 45). Cleft palate, spina bifida and hydrocephalus 
are some of the well known congenital diseases that can be identified in the 
archaeological record (Ortner 2003, 453-470). 
A neoplasm is an uncontrolled growth of tissue cells, occurring in either 
soft or hard tissues. Neoplasms can be classified into benign neoplasms and 
malignant neoplasms. Benign neoplasms are non-aggressive and remain within 
the boundaries of the tissue from which it originates. Malignant neoplasms are 
aggressive and surpass the boundaries of the tissue from which it originates. 
Benign bone tumors are more common than malignant bone tumors. The 
malignant bone tumors account for less than one percent of all malignant tumors 
in the body (Waldron 2009, 168). In the modern time, cancer (which is a 
neoplasm) is the second most cause of deaths in the world. In the U.S.A., one-fifth 
of all deaths is caused by cancer. The disease is age related, and prevalence goes 
up as age progresses (Aufderheide and Rodríguez-Martín 1998, 372). The exact 
causes of neoplasms are unknown, but there are various factors that can increase 
the probability of getting a neoplasm. Such factors are ultraviolet light, for 
9 
 
instance from the sun, chemicals and viruses (Aufderheide and Rodríguez-Martín 
1998, 172-173).   
Although studies in palaeopathology have been extensive and have 
produced detailed and elaborate directories, for instance the works from 
Aufderheide and Rodríguez-Martín (1998) and Ortner (2003), relatively little 
research has been done on pathological lesions in the ear. This can be caused by 
the lack of ear ossicles in the skeletal record. A study from Bruintjes (1990, 629) 
focused on 471 temporal bones, in which 136 ear ossicles were found. This 
number of ossicles is only ten percent of the total ossicles that were present within 
the temporal bones. In a research from Qvist and Grøntved (2000, 82-83), they 
found 147 of the potential 639 ossicles from the site Nordby and 1,162 of the 
potential 2,112 ossicles from the site Tirup, respectively 23 and 55 percent of the 
potential ear ossicles that could be found in both sites. Besides the small amount 
of ear ossicles that are retrieved in archaeological excavations, post depositional 
processes often cause damage to the ear ossicles, which makes it more difficult to 
study them (Bruintjes 1990; Qvist and Grøntved 2000). Furthermore, little 
research has been done on lesions in the external auditory meatus and the 
tympanic cavity. This could be due to the difficulty to spot bony lesions within the 
external ear canal and the middle ear. The inner part of the ear is only accessible 
through the external auditory meatus, which can be tight and dark, and reduces the 
ability to see into the ear. Only by use of an otoscope, an instrument used by 
doctors to look into the  inner ear, it is possible to spot traces of a disease. In case 
of mastoiditis, a infection of the air cells in the mastoid process, it sometimes can 
only be diagnosed by x-raying or sectioning because the lesions are not always 
visible by macroscopic research of the mastoid process.  
Adding to the fact that there is little research done in general on 
pathologies in the ear, almost all studies have focused on a particular pathology 
from one site. Although this gives detailed information about the particular 
pathology, and the prevalence of that pathology on one site, it delivers only a 
piece of the puzzle of information that we want to know about the prevalence of 
pathologies. In order to get a better knowledge about the prevalence of 
pathologies in different sites, and what the factors for the prevalence are, a 
comparison of the pathologies between two sites will be extremely useful. 
 
10 
 
1.1 Research questions 
For this thesis, pathologies in the ear ossicles, tympanic cavities, external 
auditory meatuses and mastoid processes will be examined from samples of two 
skeletal populations that were recovered in the Netherlands. In modern clinical 
sources, infectious ear diseases are more prevalent in urban environments as 
opposed to rural environments (Browning 1987, 9). Therefore, the aim of this 
research is to see if there are differences in the prevalence of infectious ear 
diseases in individuals living in an urban environment and those living in a rural 
environment. In order to answer this question, two samples will be first examined 
for the presence of pathologies in the ear ossicles and temporal bones, and then 
the prevalence of infectious ear diseases is in both samples will be analyzed and 
discussed. Furthermore, the samples will also be examined for signs of other ear 
diseases, to see which types of diseases can be identified in these populations.  
The two samples that will be studied originate from Alkmaar, a medieval 
city, and Middenbeemster, a post medieval rural community. The Alkmaar 
collection originates from the cemetery of a Franciscan monarchy, and was is use 
between 1484 and 1574. The collection from which the sample will be taken 
consists of 200 skeletons (www.humanosteoarchaeology.com). The 
Middenbeemster collection originates from the cemetery that was in use since 
1613, and the greatest part of the skeletons was interred in the last period the 
cemetery was in use, between 1829 and 1866 (Falger et al. 2012, 135). The 
historical background of these collections will be discussed in the background 
chapter.  
 In the Dutch archaeology, there are no studies about pathologies in the ear 
ossicles, tympanic cavities, external auditory meatuses or mastoid processes. 
Therefore, this study can shed light on which pathologies in the ear we can 
encounter in the Dutch Medieval populations and how we can recognize and 
describe them. Furthermore, there have been no archaeological studies in general 
that have compared pathologies of the ear between rural and urban sites. This 
study will provide information about differences in prevalence of ear pathologies 
and possibly hygiene between rural and urban Medieval sites in the Netherlands 
and provides a case study that can be used for other studies to determine the 
hygiene of individuals and populations on the basis of pathologies in the ear 
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1.2 Hypothesis 
 Infectious diseases in general are closely related to the general health, diet, 
living environments and hygiene (Roberts and Manchester 2010, 164-167). The 
same factors are found to influence the prevalence of infectious diseases in the 
ear, such as otitis media and mastoiditis. A study from Leach et al. (1994) found a 
correlation between the living environments and hygiene and the occurrence of 
otitis media. This shows that hygiene and living environments are important 
factors in the prevalence of infectious diseases in the ear. The place of residence 
of an individual and its hygiene can probably be related to each other, as living 
environments and hygiene in urban environments are poorer than rural 
environments due to overcrowding and more close contact with other individuals, 
making it easier for infectious diseases to spread (Pukander et al. 1982, 452). 
Roberts (2010, 314) found more individuals from Medieval England urban 
environments affected with sinusitis, an infection of the air-filled sinuses of the 
face, and rib lesions caused by infections of the lungs. From modern clinical 
sources, it is known that ear diseases are more frequently found in people living in 
urban homes as opposed to rural homes (Browning 1987, 9). Based on this 
knowledge, the expectation is to find more ear diseases in the sample of Alkmaar, 
an urban population, as opposed to the sample of Middenbeemster, a rural 
population.  
 
1.3 Outline of research 
 In chapter two, introductions to the ear and diseases of the ear will be 
made. Also, the historical context of the sites Alkmaar and Middenbeemster will 
be presented.  
In chapter three, the compositions of the samples from Alkmaar and 
Middenbeemster will be explained. The methodology of sexing, examination of 
the samples and the statistical analysis will be discussed. The differential 
diagnosis is also presented, which is used to determine which diseases are present 
in the samples. 
 In chapter four, the results of the examination of the samples are presented. 
The pathological conditions in the ear ossicles, tympanic cavities, external ears 
and mastoid processes are presented are identified, and the results of the 
differential diagnosis are presented.  
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 In chapter five, the results will be shortly summarized, followed by a 
discussion on the prevalence of infectious diseases in the samples from Alkmaar 
and Middenbeemster. Furthermore, the identified ear diseases in both samples are 
discussed. 
 In chapter six, a conclusion is made based on the results and the 
discussion. A part is dedicated to future research, as there is enough reason to 
enlarge the knowledge on ear diseases in archaeological skeletal populations.    
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2. Background 
 In this chapter, the structures of the human ear will be introduced. Then, 
the most frequently found ear diseases will be introduced, followed by an 
introduction of the sites from which the samples originate: Alkmaar and 
Middenbeemster.  
 
2.1 Introduction of the ear 
 The human ear contains all the instruments that make it possible for people 
to hear sounds. The ear can roughly be divided in three parts: the outer ear, the 
middle ear, and the inner ear. The outer ear consists of the auricle and the external 
auditory canal, which is closed from the middle ear by the tympanic membrane, 
also known as the eardrum (fig 1). The function of the outer ear is to catch sound 
waves and transport them through the external auditory canal to the tympanic 
membrane and the middle ear (Bloom and Fawcett 1975, 964).   
  
 
Figure 1. Structure of the human ear (www.britannica.com) 
The middle ear is a cavity that is filled with air, and is separated into two 
chambers, the tympanum, or tympanic cavity, and the epitympanum. The middle 
ear is anteriorly connected with the Eustachian tube, which connects the middle 
ear with the nasopharynx. The ear ossicles, three small bones that connect the 
tympanic membrane with the oval window and the inner ear, are situated within 
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the middle ear. These ear ossicles are the malleus, the incus, and the stapes (fig 2). 
The malleus, also called hammer, consists of a head, neck, anterior process, lateral 
process and a manubrium. It is directly connected to the tympanic membrane with 
the manubrium. The incus, also called anvil, consists of a body, a short process, a 
long process and a lenticular process. It is connected with the body to the malleus 
and with the lenticular process to the stapes. The stapes, also called stirrup, 
consists of a head, anterior and posterior limb and a base, and is connected with 
the head to the incus and with the footplate to the oval window (fig 3). These 
small bones ensure that the sound waves, caught by the outer ear, are transformed 
into mechanical vibrations that are transmitted through the chain of ear ossicles to 
the inner ear (Bloom and Fawcett 1975, 965-968).  
 
Short process         Head       Neck   Head 
Body              Anterior limb 
 
   
 
 
 
 
Long process    Anterior Process      Lateral process    Base 
Lenticular process   Manubrium   Posterior limb 
 
The inner ear consists of the membranous 
labyrinth, which is situated inside the bony 
labyrinth. The bony labyrinth contains the vestibular 
system, which is the organ that is involved in the 
balance, and the cochlea, which is the organ that is 
involved in the hearing (fig 4). The cochlea is a 
snail shell-like tube that is wrapped around the 
modiolus. The modiolus, a hollow central pillar, is 
connected with the cochlear nerve, which comes 
Figure 3. Structure of the 
middle ear 
(www.britannica.com) 
Figure 2. The anatomy of the incus, malleus and stapes (Laboratory of Osteoarchaeology, University of 
Leiden) 
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from the brain stem and enters the cochlea through the internal meatus in the 
petrous portion of the temporal bone. In the inner ear, the mechanical vibrations 
from the ear ossicles cause movement in the fluid within the labyrinth, and in turn 
generates nerve impulses that are transferred by the acoustic nerve to the central 
nervous system (Bloom and Fawcett 1975, 964-970).  
 
Figure 4. Transmission of sound waves through the different parts of the ear  (www.britannica.com) 
 
2.2 Introduction of diseases of the Ear 
Diseases that occur in the ear can cause damage in the structures of the ear 
and can lead to irreversible loss of hearing (Masali and Cremasco 2006, 13), 
which can have consequences for the balance, development of speech and 
learning problems in children (Daniel et al. 1988, 143-144). Due to the modern 
use of medicines, we know little about the effects that long lasting ear diseases 
can have in human ears. Jaffe (1968) studied the incidence of different ear 
diseases in the Navajo Indians, a tribe of Indians in the United States of America, 
which have little medical assistance due to the poor condition of roads and no 
money to go to a hospital, so that children with ear-aches are mostly not treated.  
Ear diseases were found in many children and are a health problem among the 
Navajo Indians (Jaffe 1968, 2132-2133). This shows that when untreated, ear 
diseases flourish and are frequent in a population that has practically no access to 
medical healthcare. In addition to such studies, pathological conditions in ears 
from the archaeological record provide untreated cases of certain ear diseases 
(Masali and Cremasco 2006, 13).  
 For this research, pathological conditions of various ear diseases are 
studied in the samples from Alkmaar and Middenbeemster. As not every disease 
leaves its markers in the skeleton, only the diseases that have proven to be visible 
in the archaeological record are used in this research. Listed below are diseases 
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that are frequently found in the ear. They are divided into the categories infectious 
diseases, congenital diseases and neoplasms.  
 
2.2.1 Infectious diseases 
a) Otitis 
Otitis is an infection in the middle or external ear, mostly found in children 
in the age range 0 to 12 years. When it occurs in the middle ear, it is called otitis 
media. When occurring in the external ear, it is called otitis externa. Otitis media 
can be divided into three stages: acute otitis media; otitis media with effusion; and 
chronic suppurative otitis media (Browning 1987). All of these types leave 
markers in the skeletal record and are thus important for this study.  
 
Acute otitis media 
Acute otitis media (AOM) is caused by the accumulation of fluid in the 
middle ear, and is the most commonest otological disease in childhood, with 
incidence rates of nearly 50% in the first year of a child’s life. Until the age of 5, 
the incidence remains high but drops after this age. This illness is more common 
in modern urban individuals than in modern rural individuals, and more in boys 
than in girls. It is associated with upper respiratory tract infections, such as the 
common cold, caused by viral or bacterial infections, or with poor functioning of 
the Eustachian tube which allows children to ‘sniff’ infectious slime into their 
middle ear (Browning 1987, 9-10). Normally, the condition resolves 
spontaneously after a few weeks or months, but can also disappear by puncturing 
the tympanic membrane or by antibiotic therapy (Browning 1987, 11; Daniel et al. 
1988, 143). Symptoms of AOM are pain, hearing loss, irritability, fever and 
malaise. Especially hearing loss, caused by fluid or negative pressure in the 
middle ear, is a serious complication of AOM, and can cause fluctuating periods 
of impaired hearing of a child’s first years in life. However, it will not lead to 
irreversible hearing loss. When untreated, AOM can spread to other parts of the 
ear and can cause meningitis, mastoiditis, tympanic membrane rupture and 
cholesteatoma (Daniel et al. 1988, 143).  
 Due to the short duration of AOM, it is highly unlikely that it leaves 
osseous traces in the skeleton and it is thus not visible in the archaeological 
record. The fact that there are no studies that assign AOM as a cause for osseous 
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changes in the bones of the ear would support this hypothesis. However, Adunka 
and Buchman (2011, 127) state that AOM can cause erosion in the ear ossicles, 
thus suggesting this disease could be identified in the osteological record. 
Therefore, AOM should be taken into account in the differential diagnosis done in 
this study.  
 
 Otitis media with effusion 
 The prevalence of otitis media with effusion (OME), synonymous with 
chronic non-suppurative otitis media, differs between studies, and ranges from 2% 
to 50% in children between 3 and 10 years (Browning 1987, 13), to numbers that 
say approximately 90% of the children will acquire otitis media with effusion at 
some point in their younger years (Vlastos et al. 2008, 21). These variations in 
incidence can be caused by various factors, such as age, if a child goes to daycare, 
bottle feeding rather than breast feeding, and craniofacial disorders (Adunka and 
Buchman 2011, 127). Every year approximately 10 million children are treated 
for OME in the U.S., and it the most common cause for surgery in children in 
England, Wales and the U.S. (Bierman and Pierson 1988, 1009).  
In OME, the main cause is a disorder in the nose, eustachian tube or the 
middle ear, or an unresolved case of acute otitis media. When the middle ear is 
blocked off from the nasopharynx, the level of oxygen is reduced in the middle 
ear leading to a negative pressure and failure of draining fluids from the ear. In 
reaction to this, the middle ear mucosa (a thin layer of cells that create mucus) 
becomes thickened and forms abnormal accumulation of fluids. This fluid, also 
called transudate, can rupture the middle ear mucosa and spread through the 
middle ear cavity. When this condition persists long enough, the middle ear 
produces more fluids, with different amounts of mucus, which can become 
hyperplastic (increased number of cells due to a proliferation of cell division). 
This can lead to the formation of sub-mucosal cysts, glands and subepithileal 
vessel proliferation. Inflammatory cells can infiltrate the mucosa, and may contain 
the process of inflammation in the middle ear. When the fluids do not resolve 
after 12 weeks, the condition is considered chronic (Bierman and Pierson 1988, 
1009-1010; Browning 1987, 13-15).  
OME is not always recognized because the disease is not always caused by 
an infection, therefore many people do not become sick. Difficulties with hearing 
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can occur, with loss of balance and delayed development of speech in children. 
When frequent ear infections occur besides OME, complications such as cysts, ear 
drum scarring, cholesteatoma and damage to structures in the ear that can cause 
hearing loss (Berman 1995, 1560; Chole and Choo 1998, 1; www.healthline.com). 
Another complication of OME can be retraction of the ear drum, which can leave 
distinct marks on the ear ossicles. Due to the negative ear pressure in the middle 
ear caused by Eustachian tube dysfunction in combination with weakening and 
thinning of the ear drum, it can be retracted into the middle ear and onto the ear 
ossicles. This can lead to erosion of the long process of the incus and the 
suprastructure of the stapes, and collagen destruction within the tympanic 
membrane, causing tympanosclerosis. It must be noted that not all individuals 
with otitis media with effusion develop middle ear atelectasis, in other words 
retraction of the ear drum (Chole and Choo 1998, 2).   
  
 Chronic suppurative otitis media 
 Chronic suppurative otitis media (CSOM) is relatively rare in comparison 
with AOM and OME, with modern incidence numbers of 40 cases per 100.000 
individuals younger than 15 years of age (Adunka and Buchman 2011, 132).  
CSOM is usually caused by an episode of AOM or repeating episodes of 
AOM and is characterized by a perforation of the ear drum. This causes chronic or 
uninterrupted infection of the ear. The ongoing inflammation develops ulceration 
of the mucus, and affects the epithelium.  As a reaction to the inflammation, the 
body starts to develop granulation tissue, which causes abnormal growth of the 
mucous tissue (called a polyp). When this cycle keeps repeating itself, 
surrounding tissue will be destroyed and can thus lead to inflammation of the 
bone, also called osteitis, and consequently irreversible destroying of the bony 
margins of the ear ossicles and the tympanic cavity (Browning 1987, 18-19; Chole 
and Choo 1998, 6-8). Some of the complications of CSOM are facial paralysis, 
brain abscess, meningitis and cholesteatoma (Adunka and Buchman 2011, 134).  
A study from Qvist and Grøntved (2001) identified pathological conditions 
that were probably caused chronic otitis media, and its sequelae. CSOM can thus 
affect the walls of the tympanic cavity and the ear ossicles, and these lesions are 
visible in archaeological skeletal material. 
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Otitis externa 
 Besides the infections that occur in the middle ear, the external ear is also 
vulnerable for such diseases. In most cases, otitis externa affects the auricle, and 
the external auditory meatus (the bony part of the external ear) remains unharmed. 
Diseases such as perichondritis of the auricle and acute localized otitis externa 
only affect the cartilages of the external ear. Acute bacterial otitis externa, an 
infection of the cartilaginous part of the outer ear, can cause trauma to the external 
auditory meatus (Adunka and Buchman 2011, 111-113). Predisposing factors of 
otitis externa are genetic (narrow external ear canal and excessive ear wax), 
environmental (humidity, heat and swimming), traumas and infections (Hammond 
1987, 15).  
When an episode of acute otitis externa persists longer than a few months, 
it is considered chronic. The skin of the external auditory meatus becomes 
hypertrophic, causing the canal to close as the skin becomes thicker. This type of 
chronic otitis externa is not harmful when treated. When untreated, it can develop 
into malignant otitis externa, also known as skull base osteomyelitis. This type of 
otitis externa causes erosion in the external auditory meatus and other parts of the 
temporal and skull vault bones. Consequences of this disease are paralysis of the 
cranial and facial nerves, and finally resulting in death. In most cases of malignant 
otitis externa, elderly patients with diabetes, leukemia or HIV are affected 
(Adunka and Buchman 2011, 114-116).   
 Although acute otitis externa usually does not cause erosion of the bony 
part of the external ear, necrotizing of bone has been found in patients. Why this 
happens is not exactly known, but it is thought to be caused by the scratching of 
the ear due to the irritation caused by otitis externa. The scratching damages the 
meatal skin and periosteum, causing the death of small areas of bone on the floor 
of the external auditory meatus (Hammond 1987, 12). Therefore, acute otitis 
media has to be taken into account when diagnosing lesions in the external 
auditory meatus, as are chronic otitis externa and malignant otitis externa.  
 
b) Mastoiditis  
 The middle ear region consists of the Eustachian tube, the middle ear- or 
tympanic cavity, and the pneumatized cells in the mastoid process. When an 
individual suffers from otitis media, either acute or chronic, the mucous 
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membrane becomes inflamed, and this can spread to other parts in the ear 
including the cells in the mastoid process (Daniel et al. 1988; Flohr and Schultz 
2009, 266). The exact prevalence of mastoiditis is unknown, but it is found to be 
more common in developing countries and appears more in autumn and winter 
periods. Children between 2 months and 18 years are more likely to suffer from 
this disease, and it is equally common between males and females 
(www.clinicalkey.com). 
 In mastoiditis, the inflammation of the mucous membrane can cause 
osteoclastic resorption of the bony walls of the pneumatized cells, or proliferation 
of bone which can fill the pneumatized cells with newly formed bone. The pus 
that fills the mastoid process accumulates and eventually will create a hole in the 
bone for drainage.  The resorption and proliferation of bone in the mastoid process 
can only be seen by the use of x-rays or ct-scans. Such machines can show the 
unusual behavior of bone without destroying the mastoid process itself. Only 
drainage holes can be seen and reported macroscopically, and are mostly found on 
the posterior side of the mastoid process (Brothwell 1967, 467).  
  
2.2.2 Congenital diseases 
a) Otosclerosis 
 Otosclerosis is a bone disease in which the remodeling of new vascular 
bone in the ear fails and new unorganized bone is laid down. The disease is most 
commonly found in front of the oval and round window, and in other parts of the 
inner ear where the cochlea is located. Otosclerosis is more common in Caucasian 
populations and rarely found in Mongoloid and Negroid populations. Women are 
twice as much affected than men, and younger people are more likely to suffer 
from this disease than older people (Beales 1987, 3). The disease may not cause 
any symptoms, however, when the focus of the sclerosing bone is located in front 
of the oval window it can cause the stapes to fuse with the oval window, also 
called otosclerotic stapedial footplate fixation, and leads to conductive hearing 
loss (Davis 1987, 273-274; Mays and Holst 2006, 7-8; Morrison 1970, 345). This 
type of disease is rare, as was shown in a study from Birkby and Gregg (1975), 
who examined 2.379 archaeological skulls from an American Indian population 
and found no evidence for stapedial footplate fixation in any of the skulls. 
However, they did find a case of stapedial footplate fixation in a 200 year old 
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Spanish burial in Tuscon, which shows that this disease is recognizable in the 
archaeological record (Birkby and Gregg 1975, 82).  
 The reason for the development of otosclerosis is unclear. Although there 
are many studies discussing the etiology, it remains obscure (Beales 1987, 2). 
What different authors have agreed on is that genetic factors play a role in the 
development of this disorder (Beales 1987, 4; Birkby and Gregg 1975, 81; Davis 
1987, 273; Morrison 1970, 345).  
 As already mentioned, otosclerosis does not always cause symptoms, 
creating a difference between non-clinical and clinical data on the prevalence of 
this disease. From non-clinical examinations on skeletal records, it is found that 
up to 10 percent of white adults can suffer from otosclerosis. Clinical studies on 
modern, living individuals however provide a prevalence rate of otosclerosis in 2 
percent of all white individuals (Beales 1987, 2-3). Only individuals with 
symptoms from otosclerosis are included in modern prevalence rates, while in 
skeletal records every individual suffering from this disease is included in the 
prevalence rates. This causes a difference in the prevalence rates of modern 
clinical and historic skeletal data.  
  
2.2.3  Neoplasms 
a) Cholesteatoma 
 A cholesteatoma is an accumulation of dead epithelial cells (usually 
keratin) which have failed to leave the ear trough the external auditory meatus. 
Instead, the dead cells become trapped and infected. It can cause erosion and bone 
resorption in the ear ossicles, tympanic cavity and external auditory meatus. A 
cholesteatoma can be congenital, but this is highly unusual. An acquired aetiology 
is more common for this disease, and it is most commonly caused by chronic 
otitis media. For instance, when the ear drum is retracted into the middle ear due 
to thinning and weakening, dead cells can become trapped in the resulting 
retraction pocket, which in turn can become infected and lead to a cholesteatoma 
(Browning 1987, 19-23; Chole and Choo 1998, 2-3; Mays and Holst 2006, 1-2).  
 When a cholesteatoma is not removed in time, it can spread through the 
middle ear cavity and eventually into the brain. This can lead to irreversible 
hearing loss, infection of the membrane around the brain i.e. meningitis, infection 
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of the labyrinth i.e. labyrinthitis and destruction of the facial nerve 
(www.nlm.nih.gov).  
 There is little known about the prevalence of acquired cholesteatoma. A 
British Medical Research Council National Study of Hearing showed that around 
5% of the adult population will suffer from chronic otitis media, of which 1,8% 
will develop a cholesteatoma. From clinical records it is estimated that around 
50% of the patients with chronic otitis media will develop a cholesteatoma 
(Browning 1987, 19). 
  
b) Osteoma 
 An osteoma is a benign, slow growing neoplasm that can occur 
everywhere in the skull. This neoplasm is rarely found overall, and even less in 
the temporal bones. Studies have reported osteomata in the external auditory 
meatus, mastoid process, squama and the ear ossicles (Arensburg et al. 2005, 
1164). The cause of an osteoma to form is not known exactly, and it is not sure if 
it is a real neoplasm or some kind of manifestation of an inflammatory reaction 
(Arensburg et al. 2005, 1165). Osteomata usually do not cause any symptoms, 
until they grow large enough to cause hearing loss or recurrent otitis externa 
(Adunka and Buchman 2011, 117).  
 Arensburg et al. (2005) reported a special type of osteoma, identified on 
the medial surface of various incudes from different skeletal populations. A case 
of an osteoma on the malleus was reported by Ramadan (1994). Furthermore, 
osteomata in the external auditory meatus (Ebelhar and Gadra 2012) and the 
internal auditory meatus (Davis et al. 2000) have been reported, showing that such 
benign neoplasms can be identified, even in archaeological samples.  
 
2.3  Historical context 
2.3.1 Alkmaar 
 Alkmaar became officially a city when it was granted city rights in 1254 
by William II of Holland, Count of Holland and Zeeland and the King of the Holy 
Roman Empire (Streefkerk 2004, 9). It’s geographical position and the protection 
of neighboring castles made Alkmaar a fortress and base in the war against the 
West-Frisians. The location of Alkmaar on the junction of different waterways 
made it possible to impose toll, and the city became a prime location for trading 
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and markets (www.alkmaar.nl). In the second half if the thirteenth century, the 
city was extended and parts were raised. The city of Alkmaar began to flourish in 
the fourteenth century, when the markets of Alkmaar were visited by many 
traders. Not only earnings increased, also the number of citizens grew. The 
growth of the city was also recognizable in the increasing number of spiritual 
buildings (Cordfunke 1978, 184-185). The growth of Alkmaar stagnated in the 
beginning of the fifteenth century, when socio-economical differences grew and 
Alkmaar became involved in a political conflict. Several conflicts led to fines, and 
even the city walls and gates were removed, leaving the city vulnerable to pillage 
and attacks. By 1500, Alkmaar was a poor city with no protection from outsiders. 
However, from then on the began to prosper again, and in 1514 the city was back 
to the welfare it had in the first half of the fifteenth century (Cordfunke 1978, 109-
115).The city was still unprotected, and in 1517 it was attacked and plundered by 
the Frisians from Gelderland, a province in the east of the Netherlands. The city 
had to be protected again (Cordfunke 1978, 178). By 1525 large amounts of 
money were spent on the protection of the city by the construction of channels and 
a city wall (www.alkmaar.nl). In 1537, even stones from the foundations of 
castles from Nieuwburg and Middelburg were purchased in order to continue 
building the extensive city walls (Cordfunke 1978, 179). 
 In 1447, a Franciscan monastery was founded in the northern part of the 
city of Alkmaar (fig 5). It was called the ‘Minderbroedersklooster’, meaning the 
‘friars minor monatry’, and was the only monastery in Alkmaar in that period 
(Cordfunke 1978, 173). From 1481 to 1486, a new Franciscan church was built 
upon the site where the chapel of the monastery was located. Inhabitants of 
Alkmaar were buried inside the church and outside on a cemetery. When Alkmaar 
became involved in the Dutch revolt (1568-1648), most of the Franciscan 
monastery was destroyed when the Geuzen came to the city in 1572. The church 
survived this period, but was destroyed two years later in 1574. From then on, the 
place has been used for animal markets (www.humanosteoarchaeology.com). 
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Figure 5. Cadastral map of Alkmaar from 1811-1832. The location of the Paardenmarkt is highlighted in 
red (www.watwaswaar.nl). 
 
2.3.2 Middenbeemster 
 The skeletal material from Middenbeemster originates mostly from the 
middle of the nineteenth century, a period just after the industrial revolution that 
took place in most countries in the Western of Europe, such as Britian and 
Belgium, where industrial cities like Manchester and Ghent grew rapidly. The 
economic growth stagnated during this period, and it was only after 1850 that it 
began to grow again (Wintle 2000, 75-83). In this period, without industrial 
revolution, agriculture was one of the major working sectors in the Dutch 
economy, with 43.8 percent of the workforce working in agriculture in 1849. 
Agriculture was thus one of the crucial forces for economical growth in the 
Netherlands in the nineteenth century (Wintle 2000, 172-173). Due to the soil 
types that are deposited in the Netherlands, clay in the west versus sand in the 
east, agriculture flourished more in the western part of the Netherland as opposed 
to the eastern part (Wintle 2000, 173). 
 Between 1609 and 1612, the former Beemster lake was transformed into 
the Beemster polder, a new piece of land of about 7200 hectare in size. It was 
divided into big square parcels that were layed out in a checkerboard pattern. The 
town of Middenbeemster was established almost in the middle of this plot 
(Griffioen 2011, 11; www.humanosteoarchaeology.com). When the Beemster 
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polder was finished in 1612, the original plan was to built five churches within the 
confines of the polder. Therefore, in 1613 five parcels were designated. The 
parcels were surrounded by ditches and the plateaus were raised with the ground 
derived from those ditches. Since then, only one of the five churches was actually 
built, which is the church of Middenbeemster. The church is situated near the 
crossroads Middenweg and Rijperweg. The construction of this church started in 
1618, and it was finished in 1623. After the church was finished, several 
adjustments have been made to the sides and the tower of the church. Burials took 
place inside and outside the church from 1638 to 1829, after which it was 
forbidden to bury people inside the church. From then on, burials took place only 
on the cemetery, located on the east side of the church (Griffioen 2011, 11; 
www.beemster.net;  www.beemsterkerk.nl). Most of the skeletal remains that 
have been excavated in the summer of 2011 are from the period between 1829 and 
1866. After 1866, a new cemetery on the border of Middenbeemster was 
established where all burials took place (www.humanosteoarchaeology.com). 
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3. Materials and methods 
 In this chapter, the composition of the samples from Alkmaar and 
Middenbeemster is explained. The methodology of sexing, examination of the 
samples and statistical analyses is discussed. Finally, the differential diagnosis is 
made, which assigns a specific disease to certain pathological lesions that are 
identified in the samples. 
 
3.1 Materials 
Samples 
The lack of knowledge on ear ossicles has led to a lot of them being lost 
during excavations and examinations of skeletal materials. The small size of the 
ear ossicles and unawareness of archaeologists caused limited collections of ear 
ossicles to work with. Therefore, this research depended on collections that had 
not been fully examined or cleaned so that ear ossicles were still protected inside 
the temporal skulls and collections that were well curated. The populations from 
Middenbeemster and Alkmaar, excavated by the University of Leiden, were the 
best skeletal populations for this research as they were carefully excavated and 
examined. 
 The osteological databases of both populations were reviewed in order to 
define the sample. A skeleton was selected for the sample if there were at least 
one or more ear ossicles present. Furthermore, at least one temporal bone and 
mastoid process has to be present, for the diagnosis of pathological conditions in 
each of these structures. This selection yielded a sample size of sixty skeletons 
from Middenbeemster and thirty-seven skeletons from Alkmaar. The original idea 
was to use fifty skeletons from each population for an equal sample size. 
However, since only thirty-seven skeletons were useful for this study, the number 
of skeletons from Middenbeemster was raised to sixty in order to get a sufficient 
overall sample size. This was done to raise the chance of finding ear diseases 
within the samples. Although this is not the ideal comparison, it is good enough 
since there is so little research done on this topic.  
 So, the sample for this study consists of thirty-seven skeletons from the 
population of Alkmaar (sixteen males; seventeen females and four 
indeterminates), and sixty skeletons from the population of Middenbeemster 
(thirty males and thirty females). 
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3.2 Methods 
Estimation of sex 
The sex of the skeletons from the samples were derived from the 
osteological database that contains all information on the skeletons. To estimate 
the sex of the skeleton, different methods were used. Cranial, mandible and pelvic 
traits were scored using the scoring system of the Workshop of European 
Anthropologists (WEA). Also, pelvic traits from Phenice (1969) and other pelvic 
traits were measured and bone measurements were used to aid in the estimation of 
sex of a skeleton. These methods are used since they are regarded as the most 
accurate methods for estimation of sex.  
 The scoring system for sex estimation is based on a scale of -2 to +2, the 
former meaning female (F) and the latter meaning male (M). The -1 and +1 stand 
for relatively probable female (PF) and probable male (PM). The 0 stands for 
indeterminate, when the sex of the skeleton could not be estimated. Ideally, for 
this research only skeletons which were estimated to be male or female should be 
used. However, the total number of skeletons from Alkmaar and Middenbeemster 
with ear ossicles is too small to make a sample containing only male and female 
skeletons. Therefore, males and probable males and females and probable females 
are combined together, so that a large enough sample could be created.  
 
Examination of the samples 
 The temporal bones are all macroscopically examined for any indications 
of pathological conditions. Evidence for changes in the bone is sought in the 
mastoid processes and outer parts of the temporal bones. In order to look into the 
external auditory meatus and the tympanic cavity, a Heine K180® otoscope with a 
light source was used. This instrument, normally used by doctors to look into the 
ear of a patient, magnifies three times and makes it possible to view the bony 
structures in the external auditory meatus and the tympanic cavity. The ear 
ossicles are examined using a Leica KL 200 LED® microscope, in order to detect 
osseous changes.  
 The osseous changes that are looked for are erosion, pitting, woven or 
lamellar new bone growth, and drainage holes. These changes are described by 
several authors and can be indications for a disease in the ear region (Arensburg et 
al. 2005; Brothwell 1967; Bruintjes 1990; Flohr and Schultz 2009; Mays and 
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Holst 2006; Qvist and Grøntved 2000; Qvist and Grøntved 2001). A recording 
sheet has been made by the author, in which the different regions of the ear are 
depicted and scoring boxes for the osseous changes are present (appendix A). The 
external auditory meatus, tympanic cavity, mastoid process, malleus, incus and 
stapes from the left and right side are checked for any of the above mentioned 
osseous changes. When there is a change identifiable in any part of the ear or 
ossicles, it is scored with an one (1) and the position is marked on a sketch in the 
recording sheet. When there is no change in a part of the ear or ossicles, it is 
scored with a zero (0). If a part of the ear or ossicles is missing, it is not scored at 
all so that it will not be taken into account in the statistical part of this research. 
Based on the recorded pathological conditions found, a diagnosis will be made.  
 
Statistical methods 
 For the statistical analysis of the samples, the chi-square test was used in 
SPSS. Since it is possible that the number of individuals suffering from a disease 
lies under five, the exact methods was used. There are two independent samples, 
Alkmaar and Middenbeemster, which will be tested for a categorical variable, the 
prevalence of a disease found in the sample. For every disease, a test will be done 
to see if there is a significant difference in the prevalence of a disease between the 
two samples. A result is significant when the p-value (probability value) is smaller 
than 5 percent, or 0.05. 
 
3.3 Differential diagnosis 
Based on the results of the examination of the bones of the ear from the 
sites Alkmaar and Middenbeemster, a differential diagnosis will be made on 
which diseases were present within the samples and what their effect was on the 
bones of the ear. The differential diagnosis is made on the Alkmaar and 
Middenbeemster samples combined, since a lot of pathological conditions are 
similar in both sites and can be diagnosed in the same way.  
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Erosion of the inferior wall of the tympanic cavity and the ear ossicles:   
In the samples from Alkmaar and 
Middenbeemster, erosion of the inferior 
wall of the tympanic cavity and the ear 
ossicles has been recorded. The inferior 
wall of the tympanic cavity, also called 
hypotympanon, is normally covered with 
bony trabeculae and niches, except when 
it is affected by a disease. It then is 
completely smooth as a result of the 
remodeling and erosion that is caused by 
the disease. In figure 6, the 
hypotympanon is shown when it is in a 
normal state and when it is eroded. In a 
large number of skeletons, the ear ossicles 
are eroded.  
This erosion is not always caused by 
the consequences of a disease in the 
middle ear. Therefore, for this 
diagnosis, only eroded ear ossicles 
are included that are from the same 
ear as an eroded hypotympanon. In 
this way, it is most likely that the 
erosion is caused by a disease and 
not by taphonomic processes. The 
erosion found in the ear ossicles in 
Alkmaar and Middenbeemster is not 
as heavily as it has been found in 
other studies. For instance, Qvist and Grøntved (2001) found ear ossicles that 
were so severely eroded that whole parts of the ossicle were completely gone. In 
figure 7, an incus is shown where the  
Figure 7. Severly eroded long process of an incus (Qvist 
and Grontved 2001). 
Figure 6. The hypotympanon in normal state 
(above) and in eroded state (below) (Qvist and 
Grontved 2001) 
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long process is eroded away. The ear ossicles found in the Alkmaar and 
Middenbeemster sample are less eroded, and show similarities with the erosion of 
ear ossicles found in a study by Bruintjes. Bruintjes (1990) found ear ossicles with 
slicht, moderate and severe erosion. In comparison, the erosion found in the ear 
ossicles from Alkmaar and Middenbeemster fall in the categories slight and 
moderate erosion. Figure 8 shows ear ossicles from the sample of Bruintjes (1990) 
with slight and moderate erosion.  
 
 
Figure 8. Slight (left) and moderate (right) erosion of the incus (Bruintjes 1990). 
 Such destruction of the bone within the middle ear can possibly be caused 
by benign and malignant tumors, acute otitis media, chronic otitis media without 
cholesteatoma, chronic otitis media with cholesteatoma.  
 Benign tumors in the middle ear, like carcinoid tumor, middle ear 
adenoma or choristoma, mainly arise from the mucosa or displaced saliva which 
is present in the middle ear. Such tumors are prevalent in all ages and sexes, 
although they are rare. Carcinoid tumors and choristoma usually do not affect the 
ear ossicles and bony wall of the tympanic cavity. Middle ear adenoma’s however 
can cause erosion of bone in the middle ear and can lead to serious complications 
(Adunka and Buchman 2011, 148). Another type of a benign tumor is the 
paraganglioma, which arise from the neural crest origins and also occur in the 
middle ear. Although they are benign neoplasm’s, they can move through the 
middle ear with destruction of bone as a consequence. Both tympanic walls and 
ear ossicles can be affected, leading to hearing loss and more serious 
consequences (Adunka and Buchman 2011, 150). The reaction in the middle ear 
on the bone destruction due to expanding tumors is often deposited rapidly and 
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unorganized (Mays and Holst 2006, 8), while the affected samples from Alkmaar 
and Middenbeemster show smooth, remodeled lamellar bone and thus suggests a 
more gradually process.  
 Malignant tumors, such as squamous cell carcinoma and Langerhans 
histiocytosis, are extremely rare and account for only 0.2% of all tumors in the 
head and neck. The exact cause of squamous cell carcinoma is not surely known, 
but the presence of this tumor is associated with radiation exposure, chronic otisis 
media and cholesteatoma. Langerhans histiocytosis is a tumor in which a 
proliferation of Langerhans cells is mixed with other inflammatory cells. Such 
tumors can cause erosion in the bones of the middle ear and can lead to hearing 
loss and even more serious consequences (Adunka and Buchman 2011, 151-153). 
As already said, the type of erosion found in the middle ears from Alkmaar and 
Middenbeemster does not correlate with the destruction that tumors cause within 
the middle ear. Also, benign and malignant tumors in the middle ear are rare, 
while the lesions found in the middle ears and ear ossicles from Alkmaar and 
Middenbeemster are frequently found. Therefore, it can be concluded that the 
diagnosis for these pathological conditions are not caused by a tumor.  
 Acute otitis media is an accumulation of fluids in the middle ear which 
become inflamed. It is one of the most common ear diseases known and affects 
many people. Although the duration of acute otitis media is often short, 
complications such as erosion of the ear ossicles can occur (Adunka and Buchman 
2011, 126-127). There is no information on the effects of acute otitis media on the 
hypotympanon, which suggests that this disease probably does not affect the 
inferior wall of the tympanic cavity. It can thus be concluded that acute otitis 
media is probably not the cause of the pathological conditions found in the 
Alkmaar and Middenbeemster samples.  
 In chronic otitis media, the inflammation of the ear caused by acute otitis 
media is not resolving by itself. Chronic otitis media is characterized by a 
punctured tympanic membrane, causing a draining of the middle ear. The chronic 
infection in the middle ear can spread into the bone, causing an inflammation of 
bone, called osteitis (Adunka and Buchman 2011, 130). Bone destruction of the 
tympanic walls and ear ossicles is one of the complications, and corresponds with 
the lesions found in the middle ears from Alkmaar and Middenbeemster.  
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 A cholesteatoma, usually acquired as a consequence of the forming of a 
retraction pocket, is an accumulation of epithelium and keratin cells that become 
trapped. The cells become infected and can cause destruction of the surrounding 
bone. The erosion can affect the walls of the tympanic cavity and ear ossicles, 
with the incus as the most affected ear ossicle. Ultimately, hearing loss and 
vertigo can be caused by a cholesteatoma (Adunka and Buchman 2011, 136-140).  
 Based on the list of diseases and their complications, it can be concluded 
that the lesions found in the middle ears from Alkmaar and Middenbeemster, 
erosion of the hypotympanon and the ear ossicles, are most comparable with the 
lesions caused by chronic otitis media, with or without the presence of a 
cholesteatoma.  
  
New bone growth in the tympanic cavity: 
  New bone growth has been 
found in front of the oval window 
and round window in some of the 
tympanic cavities from the samples 
from Alkmaar and 
Middenbeemster. In a normal 
situation, the hypotympanon is 
covered with niches and bony 
trabequlae, and the oval and round 
window are not blocked in any way 
by bony formations. Figure 9 shows 
the tympanic cavity in a normal state, without any bone formation in or around the 
oval window and the round window. In one of the individuals from Alkmaar, the 
oval window has been blocked by a patch of new bone growth (fig 10). In other 
individuals from Alkmaar and Middenbeemster, patches of new bone growth have 
been recorded in front of the round window, on the hypotympanon. From modern 
clinical literature, only one disease is known that can explain the patches of new 
bone growth in front of the oval and round windows.  
Figure 9. Tympanic cavity in a normal state. OV is the 
oval window, R is the round window (Mays and Holst 
2006). 
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Otosclerosis is a disease in which 
remodeling of bone within the ear takes place. 
This remodeling can occur in any part of the ear, 
with the oval and round window as the primary 
locations. When occurring in the region of the oval 
window it can cause a fixation of the stapes to the 
oval window, leading to hearing loss (Adunka and 
Buchman 2011, 154-155). Stapedial footplate 
fixation is rare, and only one archaeological 
example is known (Birkby and Gregg 1975). 
While no stapedial footplate fixation has been 
found in the samples from Alkmaar and 
Middenbeemster, the new bone growth occurring in the tympanic cavities in the 
samples shows that otosclerosis was present.    
 It can thus be concluded that the new bone growth that is found in the 
tympanic cavities is probably caused by otosclerosis. Stapedial footplate fixation 
has not been found, although in some individuals otosclerosis was present in the 
oval windows and caused new bone growth in that region.  
 
Erosion in the external ear canal: 
 In some of the individuals from the samples of Alkmaar and 
Middenbeemster, erosion of the walls of the external ear canals have been 
recorded. The walls of the external auditory meatus are normally straight and 
smooth. The erosion that has been found is mostly situated on the inferior wall, 
and in some cases on the posterior wall. In one case, erosion of the superior wall 
was found. Possible causes for such erosion can be benign or malignant tumors, 
acute infections or chronic infections.  
 There are various benign tumors that can affect the external ear, like 
exostoses, osteomata, keratosis obturans and external ear canal cholesteatoma. 
Exostoses and osteomata are neoplasms of the bone, and only cause new bone 
growth (Adunka and Buchman 2011, 117). These benign tumors can thus be 
excluded as a cause for the erosion in the external ear canals. In keratosis 
obturans, keratinous material accumulates and causes obstruction of the canal, 
Figure 10. The tympanic cavity of an 
individual from Alkmaar. The dotted 
circle indicates the oval window, 
which is blocked by new bone 
growth. (Laboratory for 
Osteoarchaeology, University of 
Leiden) 
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leading to a widening of the canal, hearing loss and severe pain. Usually, the bone 
of the ear canal is not affected by this condition (Adunka and Buchman 2011, 
117). External ear cholesteatoma shows many similarities with keratosis obturans 
as it also represents an accumulation of keratinous material in the external ear 
canal. However, external ear canal cholesteatoma affects mostly older individuals, 
and patients show little or no hearing loss. This type of benign tumor can cause 
osteonecrosis, typically in the inferior wall of the ear canal, which is represented 
as erosion of the bone (Adunka and Buchman 2011, 117-119). It is highly 
possible that this is the cause of the erosion of the inferior and posterior walls that 
are found in the samples from Alkmaar and Middenbeemster. 
Malignant tumors, such as carcinomas and melanomas, are rarely found in 
the external ear canal. Overall, these neoplasms account for less than 2% of all 
tumors that are found in the head and neck. Incidence rates lie around the five or 
six cases per 1.000.000 people. Such malignant tumors are aggressive and can 
cause limited to extensive erosion of the external auditory canal and other parts of 
the ear (Adunka and Buchman 2011, 120). Although such tumors cause bony 
erosion of the external auditory meatus, the low prevalence and destructive nature 
lead to the conclusion that the minor erosion found in the external ear canals from 
Alkmaar and Middenbeemster are not caused by malignant tumors.  
Acute infections of the ear infections are usually caused by bacteria or 
fungus. Acute localized otitis externa is caused by an obstructed hair follicle and 
leads to a swollen external ear canal and eventually hearing loss. In case a patient 
also suffers from diabetes, osteomyelitis can occur. This is an infection of the 
bone, and can lead to erosion and destabilization of the bony walls of the external 
ear canal. Acute bacterial otitis externa is the most common form of otitis externa. 
The skin of the external ear becomes inflamed and swollen, leading to an 
obstruction of the ear canal. However, it does not usually lead to inflammation of 
the bony part of the external ear. Otomycosis, an acute fungal infection, causes the 
same symptoms as acute bacterial otitis externa, and also does no damage to the 
bony parts of the external auditory canal (Adunka and Buchman 2011, 111-113). 
Based on this information, acute infections of the external ear can be excluded as 
a cause for the erosion.  
 Chronic infections of the ear, such as chronic otitis externa and malignant 
otitis externa, are a sequel of acute otitis externa. Chronic otitis externa usually 
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affects the concha, causing hypertrophy of the skin and narrowing of the external 
ear canal. Although it can cause damage to the skin of the external ear, the bony 
parts are usually not affected. Malignant otitis externa on the other hand is a 
progressive infection with life-threatening complications if not dissolved. The 
infection easily spreads to the bony parts of the external ear canal, causing the 
formation of abscesses, osteitis and finally osteomyelitis. The disease can cause 
hearing loss, facial paralysis and eventually death as it spreads to the base of the 
skull and affects crucial nerves (Adunka and Buchman 2011, 114-116). This 
disease however only affects elderly individuals that already suffer from diabetes, 
leukemia, HIV and other immunological disorders (Adunka and Buchman 2011, 
114). It is thus unlikely that the erosion of the external ear canals was caused by 
malignant otitis externa. Also chronic otitis externa is probably not the cause of 
the lesions found in the external ear canals.   
As the list of diseases of the external ear canal above shows, the most 
likely cause for the erosion of the inferior and posterior wall of the external ear 
canals is probably an external ear cholesteatoma. This diseases causes erosion to 
the inferior wall and occasionally the posterior wall, which is comparable with the 
lesions that are found in the external ears of the samples from Alkmaar and 
Middenbeemster. 
 
New bone growth on the incus: 
Some of the incudes from the individuals from Alkmaar and 
Middenbeemster showed signs of new bone growth on the body and short process. 
The new bone growth is lamellar and is found on the medial side of every incus. 
In some cases, the area around the new bone growth is eroded and irregular. In 
one case, two separate pieces of new bone growth are present on the medial side 
of an incus. Figure 11 shows the incus of an individual from Middenbeemster. 
The arrow indicates the new bone growth that has been recorded on the medial 
side of the incus. Most of the other affected incudes show smaller, but similar new 
bone growth. The new bone growth can be caused by an infection of the middle 
ear, otosclerosis or a benign tumor.  
As already discussed in this differential diagnosis, infections of the middle 
ear such as acute otitis media and chronic otitis media can affect the ear ossicles. 
However, these diseases rather cause bone erosion instead of new bone growth, 
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and can thus be excluded as a cause for the lesions found on the medial sides of 
the incudes. Otosclerosis is a disease that causes new bone growth within the 
tympanic cavity, however there are no cases known in which it affected the incus 
and it can thus be excluded from this diagnosis. 
An osteoma is the most probable cause for the 
lesions on the medial sides of the incudes. 
Osteomata are benign tumors, although they 
could also be manifestations of an infectious 
disease, that occur in the mandible, maxilla, 
sinuses, ectocranial vault and temporal bone. 
Because most of the incudes with an osteoma 
are complete, a infectious disease as a cause can 
be ruled out because otherwise the incudes and 
other ear ossicles should be eroded too 
(Arensburg et al. 2005, 1164-1165). Arensburg 
et al. (2005) found that an atypical blood supply 
on the medial side of the incus is probably the 
cause for an osteoma to develop. The lesions 
found in the affected incudes from the samples 
of Alkmaar and Middenbeemster are comparable with the lesions described in the 
study of Arensburg et al. (2005).  
Based on this information, it can be concluded that the lesions found on 
the medial sides of the incudes from Alkmaar and Middenbeemster are osteomata, 
which are caused by an abnormal blood supply on the medial side of the incudes. 
Some of the lesions are smaller than others, which is probably due to the stage of 
development of the osteoma.  
 
Erosion of the mastoid process 
 In the samples from Alkmaar and Middenbeemster, erosion of the outer 
parts of the mastoid process was found. The erosion, mostly found on the lateral 
and posterior sides, uncovered the air cells within the mastoid process. Because of 
the vulnerable place the mastoid process is in, being the most lateral part of the 
skull, it can easily be damaged by post depositional processes and excavation 
tools. Therefore, not all erosion found on the mastoid processes is caused by a 
Figure 11. Medial side of an incus from 
Middenbeemster, with an osteoma 
(white arrow) (Laboratory for Human 
Osteoarchaeology, University of Leiden) 
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disease. Only mastoid processes with erosion that showed lesions which are 
possibly caused by a disease are being diagnosed. From a literature research, only 
one disease could have caused such erosion of the mastoid processes, which is 
mastoiditis. 
 In mastoiditis, the air cells that are situated within the mastoid process 
become inflamed due to an infection in the middle ear region. It creates a pus, that 
accumulates in the air cells and eventually will create a cloaca, a hole in the bone 
to drain the pus from the mastoid process. These cloaca often have rounded edges. 
Figure 12 shows a mastoid process from an individual from Middenbeemster, 
with possible drainage holes in the posterior side. It is therefore likely that the 
lesions found in the mastoid processes are caused by mastoiditis.  
 
 
Figure 12. Possible drainage holes in the right mastoid process of an individual from Middenbeemster 
(Laboratory for Human Osteoarchaeology, University of Leiden). 
 
New bone growth on the posterior wall of the tympanic cavity   
 In one individual from Middenbeemster, new bone growth has been found 
on the posterior wall of the tympanic cavity. The new bone growth is different 
from the new bone growth on the inferior and medial walls, that was diagnosed as 
otosclerosis. The new bone growth on the posterior wall is lamellar, and has the 
appearance of an incus that has fused with the tympanic wall. However, the incus 
was recovered from that ear, as were the malleus and stapes. It can thus be ruled 
out that it is an ear ossicles that has been fused with the tympanic wall. The new 
bone growth is situated in the middle of the tympanic cavity, and probably would 
have interfered in the ossicle chain, causing hearing loss in that ear. A literature 
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research on diseases that could cause bone growth within the ear did not give any 
results, so the cause for the new bone growth is not known.  
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4. Results 
 In this chapter, the results of the examination of the ear ossicles, tympanic 
cavities, external ears and mastoid processes are presented. The size of the 
samples is shortly introduced, followed by the pathological conditions that were 
identified in the samples from Alkmaar and Middenbeemster. Finally, the results 
of the differential diagnosis and the statistical tests are presented.  
 
4.1 Sample size 
The sample from the Alkmaar collection consists of 37 skeletons. Every 
person has six ear ossicles, two tympanic cavities, two external ears and two 
mastoid processes. Potentially, the Alkmaar sample should contain 222 ear 
ossicles, 74 tympanic cavities, 74 external ears and 74 mastoid processes. 
Examination of the sample yielded a total of 91 ear ossicles, which is 41.0% of 
the potential number of ear ossicles that could have been recovered (table 1). In 
table 1, the number of recovered mallei, incudes and stampedes is shown. Most of 
the recovered ossicles were from the left side. For the left mallei, 59.5 percent of 
the potential number has been recovered, while for the right mallei 43.2 percent 
was recovered. This also applied for the incudes, where 54.1 of the potential 
number of the left side was found, and only 40.5 percent of the right side was 
recovered. The number of recovered stapedes was far less as the other ear 
ossicles. Only 29.7 percent of the potential number of left stapedes and 18.9 
percent of the potential number of right stapedes are found. In total, 51.4 percent 
of the mallei, 47.3 percent of the incudes and 24.3 of the stapedes has been 
recovered. So in total, 91 ear ossicles were recovered, most of them mallei, and 
most of them originating from the left ear. 
   
Table 1. The number of left and right bones found in the sample of Alkmaar. The percentages show how 
many of the potential number of bones are found. 
Alkmaar Left Right Total 
 N % N % N % 
Malleus 22/37 59.5 16/37 43.2 38/74 51.4 
Incus 20/37 54.1 15/37 40.5 35/74 47.3 
Stapes 11/37 29.7 7/37 18.9 18/74 24.3 
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The temporal bones from Alkmaar are fairly well preserved. A total of 63 
tympanic cavities and external ears were recovered. Furthermore, 64 mastoid 
processes were retrieved. Of every part of the temporal bones, there were more 
retrieved on the left side as opposed to the right side. Overall, there are more ear 
ossicles and temporal bones retrieved from the left side as opposed to the right 
side.  
The sample from the Middenbeemster collection consists of 60 skeletons. 
Potentially, the Middenbeemster sample would contain 360 ear ossicles, 120 
tympanic cavities, 120 external ears and 120 mastoid processes. After 
examination of the sample, a total of 150 ear ossicles were recovered, which is 
41.7% of the potential ossicles that could have been found (table 2). Table 2 
shows the number of recovered mallei, incudes and stapedes from each side. The 
mallei and incudes are recovered more frequently than the stapes. While the 
number of retrieved mallei and incudes are 59.2 and 53.5 percent respectively. 
The stapes was only recovered in 12.5 percent of the cases. There are no clear 
differences between the number of mallei and incudes found from the left or right 
side. Three more mallei were found of the left side as opposed to the right side. Of 
the incudes, there were two more found of the right side as opposed to the left 
side. The number of stapedes from the left and right side differs more when 
looking at the percentages, with ten found of the right side and only five of the left 
side. These are 16.7 and 8.3 percent respectively. The number of recovered ear 
ossicles is almost equal to the sample Alkmaar, only more right ear ossicles are 
retrieved as opposed to left ear ossicles.  
Total 53/111 47.7 38/111 34.2 91/222 41.0 
Tympanic 
cavity 
34/37 91.9 29/37 78.4 63/74 85.1 
External 
ear 
34/37 91.9 29/37 78.4 63/74 85.1 
Mastoid 
process 
35/37 94.6 29/37 78.4 64/74 86.5 
Total 103/111 92.8 87/111 78.4 190/222 85.6 
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Table 2. The number of left and right bones found in the sample of Middenbeemster. The percentages 
show how many of the potential number of bones are found. 
 
  
 
 
 
 
 
 
The temporal bones from Middenbeemster are well preserved, with a total 
of 119 tympanic cavities, 119 external ear canals and 119 mastoid processes 
recovered from the 60 skeletons. Only one of the 120 temporal bones was not 
recovered. As with the ear ossicles, there was one more temporal bone recovered 
from the right side as opposed to the left side. 
 
4.2 Pathological conditions 
4.2.1 Alkmaar 
  Mallei 
The pathological conditions sought differ per bone. For the ear ossicles, if 
they were present, erosion and new bone growth were recorded. In table 3 the 
pathological conditions in the mallei from Alkmaar are showed. All anatomical 
parts of the left mallei have been affected in some way, with erosion and in one 
case new bone growth as a consequence. Most affected was the neck, which 
showed erosion in 66.7 percent of the mallei, followed by the manubrium with 
35.0 percent affected. Besides the one case of new bone growth on the neck of a 
Midden- 
beemster 
Left Right Total 
 N % N % N % 
Malleus 37/60 61.7 34/60 56.7 71/120 59.2 
Incus 31/60 51.7 33/60 55.0 64/120 53.5 
Stapes 5/60 8.3 10/60 16.7 15/120 12.5 
Total 73/180 40.5 77/180 42.8 150/360 41.7 
Tympanic 
cavity 
59/60 98.3 60/60 100.0 119/120 99.2 
External 
ear 
59/60 98.3 60/60 100.0 119/120 99.2 
Mastoid 
process 
59/60 98.3 60/60 100.0 119/120 99.2 
Total 177/180 98.3 180/180 100.0 357/360 99.2 
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left malleus, no other cases of new bone growth have been found in the left 
mallei.  
Of the right mallei, the neck was the most affected part, as was in the 
examined left mallei. Sixty percent of the ear ossicles were affected in this part, 
followed by the anterior process and manubrium, with 46.2 and 42.9 percent of 
the ear ossicles respectively affected by erosion. No cases of new bone growth 
were found in the nineteen right mallei that were recovered.  
Overall, the neck is the most affected part of the mallei, with 63.9 percent 
of all mallei affected by erosion in this part. The manubrium and anterior process 
are affected by erosion in 38.2 and 31.4 percent respectively. New bone growth 
was found in one of the thirty-seven mallei. 
 
Table 3. Pathological conditions identified in the mallei from Alkmaar. The numbers between brackets 
represent percentages of affected or unaffected bones. 
Alkmaar 
Malleus 
Head Neck Anterior 
process 
Lateral 
process 
Manu-
brium 
 
Left 
Erosion 5 (22.7) 14 (66.7) 5 (22.7) 5 (22.7) 7 (35.0) 
No erosion 17 (77.3) 7 (33.3) 17 (77.3) 17 77.3) 13 (65.0) 
NBG 0 (0) 1 (4.8) 0 (0) 0 (0) 0 (0) 
No NBG 22 (100) 20 (95.2) 22 (100) 22 (100) 20 (100) 
 
Right 
Erosion 2 (13.3) 9 (60.0) 6 (46.2) 2 (14.3) 6 (42.9) 
No erosion 13 (86.7) 6 (40.0) 7 (53.8) 12 (85.7) 8 57.1) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 15 (100) 15 (100) 13 (100) 14 (100) 14 (100) 
 
 
Total 
Erosion 7 (18.9) 23 (63.9) 11 (31.4) 7 (19.4) 13 (38.2) 
No erosion 30 (81.1) 13 (36.1) 24 (68.6) 29 (80.6) 21 (61.8) 
NBG 0 (0) 1 (2.8) 0 (0) 0 (0) 0 (0) 
No NBG 37 (100) 35 (97.2) 35 (100) 36 (100) 34 (100) 
 
  Incudes 
 The incudes show a lot of erosion on the surface of the body (table 4). Of 
the left incudes, 90.0 percent of the bodies were eroded while only 10.0 percent 
was not eroded. Erosion of the long process was found in 75.0 percent of the 
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incudes, but most of it was post mortem. In three left incudes, damage of the short 
process and the lenticular process was found, respectively 15.0 and 27.3 percent 
of the incudes. New bone growth was discovered in 15.0 percent of the left 
incudes, all on the medial surface of the body. No new bone growth was found on 
any other part of the left incudes.  
On the right incudes, erosion was mostly found on the long process and the 
body. There was no erosion present on the short process of the right incudes. Of 
the right incudes, 20.0 percent showed signs of new bone growth, all on the 
medial side of the body, as was found in the left incudes.  
The body and long process were the most eroded parts, with respectively 
71.4 and 67.6 percent of the incudes affected. Only 8.6 percent incudes showed 
erosion on the body. On the other hand, 17.1 percent of the incudes showed new 
bone growth on the medial side of the body.  
 
Table 4. Pathological conditions identified in the incudes from Alkmaar. The numbers between brackets 
represent percentages of affected or unaffected bones. 
Alkmaar 
Incus 
Body Short 
process 
Long 
process 
Lenticular 
process 
 
Left 
Erosion 18 (90.0) 3 (15.0) 15 (75.0) 3 (27.3) 
No erosion 2 (10.0) 17 (85.0) 5 (25.0) 8 (72.7) 
NBG 3 (15.0) 0 (0) 0 (0) 0 (0) 
No NBG 17 (85.0) 20 (100) 20 (100) 11 (100) 
 
Right 
Erosion 7 (46.7) 0 (0) 8 (57.1) 4 (36.4) 
No erosion 8 (53.3) 15 (100) 6 (42.9) 7 (63.6) 
NBG 3 (20.0) 0 (0) 0 (0) 0 (0) 
No NBG 12 (80.0) 15 (100) 14 (100) 11 (100) 
 
Total 
Erosion 25 (71.4) 3 (8.6) 23 (67.6) 7 (31.8) 
No erosion 10 (28.6) 32 (91.4) 11 (32.4) 15 (68.2) 
NBG 6 (17.1) 0 (0) 0 (0) 0 (0) 
No NBG 29 (82.9) 35 (100) 34 (100) 22 (100) 
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  Stapedes 
Table 5 shows the results from the examination of the head, anterior and 
posterior limb and the base of stapedes from the Alkmaar sample. On the left 
stapedes, the most common place for erosion was on the superior and inferior side 
of the head. 88.9 Percent of the recovered stapedes showed damage of the head. 
Erosion was also found on the anterior limb and posterior limb of a stapes. There 
were no signs of erosion found on the left stapedes bases. New bone growth was 
found on the posterior limb of one stapes.  
On the right stapedes, erosion was only identified on the superior and 
inferior side of the head. The anterior limb, posterior limb and the base were not 
affected by erosion. One case of new bone growth was discovered on the right 
stapedes. The bony outgrowth was situated on the anterior limb.    
The head of the stapedes is the most affected by erosion, with 93.8 percent 
of all stapedes eroded in this part. Erosion of the anterior and posterior limb was 
found in respectively 5.6 and 5.9 percent of the stapedes. The same percentages 
are applicable to the new bone growth identified on the anterior and posterior limb 
of the stapedes.  
Table 5. Pathological conditions identified in the stapedes from Alkmaar. The numbers between brackets 
represent percentages of affected or unaffected bones 
Alkmaar 
Stapes 
Head Anterior 
limb 
Posterior 
limb 
Base 
 
Left 
Erosion 8 (88.9) 1 (9.1) 1 (10.0) 0 (0) 
No erosion 1 (11.1) 10 (90.9) 9 (90.0) 9 (100) 
NBG 0 (0) 0 (0) 1 (10.0) 0 (0) 
No NBG 9 (100) 11 (100) 9 (90.0) 9 (100) 
 
Right 
Erosion 7 (100) 0 (0) 0 (0) 0 (0) 
No erosion 0 (0) 7 (100) 7 (100) 5 (100) 
NBG 0 (0) 1 (14.3) 0 (0) 0 (0) 
No NBG 7 (100) 6 (85.7) 7 (100) 5 (100) 
 
Total 
Erosion 15 (93.8) 1 (5.6) 1 (5.9) 0 (0) 
No erosion 1 (6.2) 17 (94.4) 16 (94.1) 14 (100) 
NBG 0 (0) 1 (5.6) 1 (5.9) 0 (0) 
No NBG 16 (100) 17 (94.4) 16 (94.1) 14 (100) 
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  Tympanic cavities 
The tympanic cavities were examined for erosion and new bone growth on 
the medial, lateral, anterior, posterior, superior and inferior walls. The results are 
displayed in table 6. In 24.2 percent of the left tympanic cavities, erosion was 
found on the medial walls. Also, 9.0 percent of the inferior walls were eroded, 
while all other walls showed no signs of erosion. New bone growth was present in 
12.1 percent of the medial walls. One left tympanic cavity showed signs of new 
bone growth on the posterior wall.  
In the right tympanic cavities, 33.3 percent of the medial walls and 16.7 
percent of the inferior walls showed signs of erosion. The other walls in the right 
tympanic cavities were not eroded. Three cases of new bone growth were found. 
The medial wall, posterior wall and inferior wall of different right tympanic 
cavities were affected. No new bone growth was found in the other walls.  
Overall, the medial walls of the tympanic cavities were most affected by 
erosion, with 28.3 percent showing erosion. In 12.3 percent of the tympanic 
cavities, erosion of the inferior wall was identified. 8.3 Percent of the tympanic 
cavities showed signs of new bone growth on the medial wall, followed by 3.3 
percent of the posterior walls and 1.8 percent of the inferior walls.  
 
Table 6. Pathological conditions identified in the tympanic cavities from Alkmaar. The numbers between 
brackets represent percentages of affected or unaffected bones. 
Alkmaar 
Tympanic cavity 
Medial Lateral Anterior Posterior Superior Inferior 
 
 
Left 
Erosion 8 (24.2) 0 (0) 0 (0) 0 (0) 0 (0) 3 (9.0) 
No 
erosion 
25 (75.8) 33 (100) 33 (100) 33 (100) 33 (100) 30 
(91.0) 
NBG 4 (12.1) 0 (0) 0 (0) 1 (3.0) 0 (0) 0 (0) 
No NBG 29 (87.9) 33 (100) 33 (100) 32 (97.0) 33 (100) 33 (100) 
 
 
Right 
Erosion 9 (33.3) 0 (0) 0 (0) 0 (0) 0 (0) 4 (16.7) 
No 
erosion 
18 (66.7) 26 (100) 25 (100) 27 (100) 27 (100) 20 
(83.3) 
NBG 1 (3.7) 0 (0) 0 (0) 1 (3.7) 0 (0) 1 (4.2) 
No NBG 26 (96.3) 26 (100) 25 (100) 26 (96.3) 27 (100) 23 
(95.8) 
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Total 
Erosion 17 (28.3) 0 (0) 0 (0) 0 (0) 0 (0) 7 (12.3) 
No 
Erosion 
43 (71.7) 59 (100) 58 (100) 60 (100) 60 (100) 50 
(87.7) 
NBG 5 (8.3) 0 (0) 0 (0) 2 (3.3) 0 (0) 1 (1.8) 
No NBG 55 (91.7) 59 (100) 58 (100) 58 (96.7) 60 (100) 56 
(98.2) 
 
  External ears 
The external ears were examined for signs of erosion, new bone growth 
and pitting of the anterior, posterior, superior and inferior walls (table 7). Of the 
left external ears, erosion was found on the posterior and inferior walls. 
Respectively 6.0 and 9.4 percent showed erosion. Only one case of new bone 
growth was found in the left external ears, on the posterior wall. Pitting was found 
in 9.0 percent of the left external ears, all on the superior wall of the left external 
ears.  
In the right external ears, erosion was found in 7.7 percent of the inferior 
walls. Other walls were not affected by erosion. There was no new bone growth in 
any of the right external ears. Two cases of new bone growth were found, one on 
the superior wall and one on the inferior wall, both 3.8 percent of the right 
external ears. 
In 8.6 percent of the external ears, erosion of the inferior wall was 
identified. New bone growth was found in one external ear, on the posterior wall. 
The superior walls were most affected by pitting, with 6.8 percent of the external 
ears affected.   
Table 7. Pathological conditions identified in the external ears from Alkmaar. The numbers between 
brackets represent percentages of affected or unaffected bones. 
Alkmaar 
External ear 
Anterior Posterior Superior Inferior 
 
 
Left 
Erosion 0 (0) 2 (6.0) 0 (0) 3 (9.4) 
No erosion 33 (100) 31 (94.0) 33 (100) 29 (90.6) 
NBG 0 (0) 1 (3.0) 0 (0) 0 (0) 
No NBG 33 (100) 32 (97.0) 33 (100) 32 (100) 
Pitting 0 (0) 0 (0) 3 (9.0) 0 (0) 
No pitting 33 (100) 33 (100) 30 (91.0) 32 (100) 
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Right 
Erosion 0 (0) 0 (0) 0 (0) 2 (7.7) 
No erosion 26 (100) 27 (100) 26 (100) 24 (92.3) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 26 (100) 27 (100) 26 (100) 26 (100) 
Pitting 0 (0) 0 (0) 1 (3.8) 1 (3.8) 
No pitting 26 (100) 27 (100) 25 (96.2) 25 (96.2) 
 
 
Total 
Erosion 0 (0) 2 (3.3) 0 (0) 5 (8.6) 
No erosion 59 (100) 58 (96.7) 59 (100) 53 (91.4) 
NBG 0 (0) 1 (1.7) 0 (0) 0 (0) 
No NBG 59 (100) 59 (98.3) 59 (100) 58 (100) 
Pitting 0 (0) 0 (0) 4 (6.8) 1 (1.7) 
No pitting 59 (100) 60 (100) 55 (93.2) 57 (98.3) 
 
  Mastoid processes 
Table 8 shows the results of the examination of the mastoid processes from 
the Alkmaar sample. They were checked for signs of erosion and new bone 
growth. The medial, lateral, anterior and posterior sides and external ear meatus 
were examined. On the left mastoid processes, erosion was found the most on the 
posterior side, followed by the lateral side and the medial and anterior sides. No 
erosion was present in the external ear meatus. New bone growth was not 
identified in any of the left mastoid processes.  
Of the right mastoid processes, erosion was found once on the lateral, 
anterior and posterior side. The medial sides and external ear meatus were not 
affected by erosion. Also, no new bone growth was found on any of the sides of 
the right mastoid processes.  
Erosion was the primary pathological condition in the mastoid process. 
The posterior was most affected, with 9.7 percent of the mastoid process affected 
in this part. New bone growth was not identified in any of the mastoid processes. 
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Table 8. Pathological conditions identified in the mastoid processes from Alkmaar. The numbers between 
brackets represent percentages of affected or unaffected bones. 
Alkmaar 
Mastoid process 
Medial Lateral Anterior Posterior External 
meatus 
 
Left 
Erosion 2 (5.9) 3 (8.8) 2 (5.9) 5 (14.7) 0 (0) 
No erosion 32 (94.1) 31 (91.2) 32 (94.1) 29 (85.3) 34 (100) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 34 (100) 34 (100) 34 (100) 34 (100) 34 (100) 
 
Right 
Erosion 0 (0) 1 (3.6) 1 (3.6) 1 (3.6) 0 (0) 
No erosion 28 (100) 27 (96.4) 27 (96.4) 27 (96.4) 28 (100) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 28 (100) 28 (100) 28 (100) 28 (100) 28 (100) 
 
Total 
Erosion 2 (3.2) 4 (6.5) 3 (4.8) 6 (9.7) 0 (0) 
No erosion 60 (96.8) 58 (93.5) 59 (95.2) 56 (90.3) 62 (100) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 62 (100) 62 (100) 62 (100) 62 (100) 62 (100) 
 
4.2.2 Middenbeemster 
Mallei 
 The mallei found in the Middenbeemster sample showed a lot of 
pathological conditions. The results of the examination are displayed in table 9. 
Erosion of the left mallei was for the most part present in the neck, followed by 
the anterior process and the lateral process. The head was eroded in 18.9 percent 
of the left mallei, while in 19.4 percent the manubrium showed signs of erosion. 
There was no new bone growth found in any of the left mallei.  
The right mallei showed the same kind of pattern of erosion as was found 
in the left mallei. The neck was the most eroded part, with 79.4 of the mallei 
affected in this part, followed by the anterior and lateral process which were both 
affected by erosion in 33.3 percent of the left mallei. Two cases of new bone 
growth on the heads of the right mallei were found, accounting for 5.9 percent of 
the right mallei. There was no new bone growth located on any other part of the 
right mallei.  
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When it comes to erosion, the neck is the most affected part, with 80.3 
percent of the mallei affected in this part. The anterior process follows with 34.8 
percent of the mallei showing erosion in that part. The head was the least affected 
part of the mallei, with only 15.5 percent. New bone growth was found on two 
heads of the mallei, which is 2.8 percent of all mallei.   
 
Table 9. Pathological conditions identified in the mallei from Middenbeemster. The numbers between 
brackets represent percentages of affected or unaffected bones. 
Middenbeemster 
Malleus 
Head Neck Anterior 
process 
Lateral 
process 
Manu-
brium 
 
Left 
Erosion 7 (18.9) 30 (81.1) 13 (36.1) 10 (27.8) 6 (19.4) 
No erosion 30 (81.1) 7 (18.9) 23 (63.9) 26 (72.2) 25 (80.6) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 37 (100) 37 (100) 36 (100) 36 (100) 31 (100) 
 
Right 
Erosion 4 (11.8) 27 (79.4) 11 (33.3) 11 (33.3) 7 (22.6) 
No erosion 30 (88.2) 7 (20.6) 22 (66.7) 22 (66.7) 24 (77.4) 
NBG 2 (5.9) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 32 (94.1) 34 (100) 33 (100) 33 (100) 31 (100) 
 
 
Total 
Erosion 11 (15.5) 57 (80.3) 24 (34.8) 21 (30.4) 13 (21.0) 
No erosion 60 (84.5) 14 (19.7) 45 (65.2) 48 (69.6) 49 (79.0) 
NBG 2 (2.8) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 69 (97.2) 71 (100)  69 (100) 69 (100) 62 (100) 
 
  Incudes 
 The results of the examination of the incudes from the Middenbeemster 
are presented in table 10. Of the left incudes, 96.8 percent showed erosion on the 
body. The long process was the second most affected part, with 83.9 percent of 
the incudes showing erosion in this part. The short process and lenticular process 
were only occasionally eroded, with respectively 16.1 and 6.7 percent of the 
incudes affected. Seven cases of new bone growth were found on the left incudes. 
Six of these were present on the body, while one case was found on the short 
process. The long process and lenticular process were not affected by new bone 
growth.  
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In the right incudes, the body was also most affected by erosion, with a 
total of 72.7 percent of the incudes affected, followed by the long process. The 
short process and lenticular process again showed a lot less erosion, with 
respectively 12.1 and 23.1 percent of the incudes affected in these parts. New 
bone growth was found on the body in 12.1 percent of the right incudes. One case 
of new bone growth was found on the short process and one on the long process.  
The body of the incus is the most affected part when it comes to erosion 
and new bone growth, with respectively 84.4 and 15.6 percent of the total incudes 
affected. The long process is affected in 75.0 percent of the incudes. The short and 
lenticular process are both less affected by these conditions.  
 
Table 10. Pathological conditions identified in the incudes from Middenbeemster. The numbers between 
brackets represent percentages of affected or unaffected bones. 
Middenbeemster 
Incus 
Body Short 
process 
Long 
process 
Lenticular 
process 
 
Left 
Erosion 30 (96.8) 5 (16.1) 26 (83.9) 1 (6.7) 
No erosion 1 (3.2) 26 (83.9) 5 (16.1) 14 (93.3) 
NBG 6 (19.4) 1 (3.2) 0 (0) 0 (0) 
No NBG 25 (80.6) 30 (96.8) 31 (100) 15 (100) 
 
Right 
Erosion 24 (72.7) 4 (12.1) 22 (66.7) 3 (23.1) 
No erosion 9 (27.3) 29 (87.9) 11 (33.3) 10 (76.9) 
NBG 4 (12.1) 1 (3.0) 1 (3.0) 0 (0) 
No NBG 29 (87.9) 32 (97.0) 32 (97.0) 13 (100) 
 
Total 
Erosion 54 (84.4) 9 (14.1) 48 (75.0) 4 (14.3) 
No erosion 10 (15.6) 55 (85.9) 16 (25.0) 24 (85.7) 
NBG 10 (15.6) 2 (3.1) 1 (1.7) 0 (0) 
No NBG 54 (84.4) 62 (96.9) 63 (98.3) 28 (100) 
 
  Stapedes 
 The stapedes found in the Middenbeemster sample showed only erosion on 
the heads (table 11). All of the left stapedes showed erosion of the head on the 
inferior or superior side. The anterior and posterior limbs and the bases showed no 
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signs of erosion. Also, there were no cases of new bone growth on the left 
stapedes found.  
All nine right stapedes also showed erosion of the inferior or superior side 
of the head, while no erosion of the anterior and posterior limbs and the bases was 
discovered. Only one case of new bone growth was found on the right stapedes. It 
concerns a patch of new bone growth on the posterior limb.  
The stapedes showed erosion of every head, while the other parts were 
unaffected. Only one case of new bone growth was found, on the posterior limb, 
which is 7.7 percent of all stapedes. 
 
Table 11. Pathological conditions identified in the stapedes from Middenbeemster. The numbers between 
brackets represent percentages of affected or unaffected bones. 
Middenbeemster 
Stapes 
Head Anterior 
limb 
Posterior 
limb 
Base 
 
Left 
Erosion 4 (100) 0 (0) 0 (0) 0 (0) 
No erosion 0 (0) 5 (100) 4 (100) 3 (100) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 4 (100) 5 (100) 4 (100) 3 (100) 
 
Right 
Erosion 9 (100) 0 (0) 0 (0) 0 (0) 
No erosion 0 (0) 9 (100) 9 (100) 9 (100) 
NBG 0 (0) 0 (0) 1 (11.1) 0 (0) 
No NBG 9 (100) 9 (100) 8 (89.9) 9 (100) 
 
Total 
Erosion 13 (100) 0 (0) 0 (0) 0 (0) 
No erosion 0 (0) 14 (100) 13 (100) 12 (100) 
NBG 0 (0) 0 (0) 1 (7.7) 0 (0) 
No NBG 13 (100) 14 (100) 12 (92.3) 12 (100) 
 
  Tympanic cavities 
 The tympanic cavities of the Middenbeemster sample also have been 
examined for erosion and new bone growth of the medial, lateral, anterior, 
posterior, superior and inferior walls. The results are displayed in table 12. Of the 
left tympanic cavities, 11.9 percent were found to have erosion of the medial wall. 
Also, in 11.9 percent of the left tympanic cavities, the inferior wall was eroded 
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while in one case the superior wall was eroded. New bone growth was found on 
the medial wall of 13.6 percent of the left tympanic cavities, followed by 6.8 
percent of the posterior walls showing signs of new bone growth. The inferior 
walls displayed three cases of new bone growth, while one case was found in the 
anterior and superior wall.  
In the right tympanic cavities, 10.0 percent of the medial walls were 
affected by erosion. In 8.5 percent of the inferior walls, erosion was found. No 
erosion was found in the other walls. New bone growth was found on 11.7 percent 
of the medial walls of the right tympanic cavities, as well on 11.7 percent of the 
posterior walls. Two cases were discovered on the inferior walls. 
The medial and inferior walls were most affected by erosion, with 
respectively 10.9 and 10.2 percent of the tympanic cavities affected. As for new 
bone growth, the medial walls showed the most signs of this condition with 12.6 
percent of the tympanic cavities affected. 9.2 Percent of the posterior walls also 
showed signs of new bone growth.  
 
Table 12. Pathological conditions identified in the tympanic cavities from Middenbeemster. The numbers 
between brackets represent percentages of affected or unaffected bones. 
Middenbeemster 
Tympanic cavity 
Medial Lateral Anterior Posterior Superior Inferior 
 
 
Left 
Erosion 7 (11.9) 0 (0) 0 (0) 0 (0) 1 (1.7) 7 (11.9) 
No 
erosion 
52 (88.1) 59 (100) 59 (100) 59 (100) 58 (98.3) 52 (88.1) 
NBG 8 (13.6) 0 (0) 1 (1.7) 4 (6.8) 1 (1.7) 3 (5.1) 
No NBG 51 (86.4) 59 (100) 58 (98.3) 55 (93.2) 58 (98.3) 56 (94.9) 
 
 
Right 
Erosion 6 (10.0) 0 (0) 0 (0) 0 (0) 0 (0) 5 (8.5) 
No 
erosion 
54 (90.0) 59 (100) 58 (100) 60 (100) 59 (100) 54 (91.5) 
NBG 7 (11.7) 0 (0) 0 (0) 7 (11.7) 0 (0) 2 (3.4) 
No NBG 53 (88.3) 59 (100) 58 (100) 53 (88.3) 59 (100) 57 (96.6) 
 
Total 
Erosion 13 (10.9) 0 (0) 0 (0) 0 (0) 1 (0.8) 12 (10.2) 
No 
Erosion 
106 
(89.1) 
118 
(100) 
117 (100) 119 (100) 117 (99.2) 106 
(89.8) 
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NBG 15 (12.6) 0 (0) 1 (0.9) 11 (9.2) 1 (0.8) 5 (4.2) 
No NBG 104 
(87.4) 
118 
(100) 
116 (99.1) 108 (90.8) 117 (99.2) 113 
(95.8) 
 
  External ears 
 The external ears have been examined for erosion, new bone growth and 
pitting in the anterior, posterior, superior and inferior walls. Table 13 displays the 
results of the examination. Erosion was found in 5.0 percent of the posterior walls 
of the left external ears, as was in 5.0 percent of the inferior walls. One case of 
erosion was discovered in the superior wall, while no erosion was found in the 
anterior walls. In 6.8 percent of the external ears, new bone growth is found on the 
superior walls. Two inferior walls showed new bone growth. The anterior and 
posterior walls of the left external ears displayed no signs of new bone growth. 
Pitting was found in 11.7 percent of the superior walls of the left external ears. In 
1,7 percent of the posterior walls, pitting was also discovered. 
Of the right external ears, erosion was only found in 3.4 percent of the 
inferior walls. The anterior, posterior and superior walls showed no signs of 
erosion. New bone growth was found in 6.7 percent of the superior walls. Two 
anterior walls, two inferior walls and one posterior wall also showed signs of 
erosion. Pitting was identified in 12.1 percent of the superior walls, and in 1.7 
percent of the posterior walls of the right external ears.  
Overall, the superior walls were most affected by pathological conditions. 
Of the superior walls, 12.0 percent showed pitting, 6.8 percent showed new bone 
growth and 0.9 percent was eroded. Erosion was identified in 4.3 percent of the 
inferior walls. Furthermore, 2.5 percent of the posterior walls were eroded. New 
bone growth was identified in 3.4 percent of the inferior walls and in 0.8 percent 
of the posterior walls.  
 
Table 13. Pathological conditions identified in the external ears from Middenbeemster. The numbers 
between brackets represent percentages of affected or unaffected bones. 
Middenbeemster 
External ear 
Anterior Posterior Superior Inferior 
 
 
Erosion 0 (0) 3 (5.0) 1 (1.7) 3 (5.0) 
No erosion 58 (100) 56 (95.0) 58 (98.3) 56 (95.0) 
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Left NBG 0 (0) 0 (0) 4 (6.8) 2 (3.7) 
No NBG 58 (100) 59 (100) 55 (93.2) 57 (96.3) 
Pitting 0 (0) 1 (1.7) 7 (11.7) 0 (0) 
No pitting 58 (100) 58 (98.3) 52 (88.3) 59 (100) 
 
 
Right 
Erosion 0 (0) 0 (0) 0 (0) 2 (3.4) 
No erosion 58 (100) 60 (100) 58 (100) 56 (96.6) 
NBG 2 (3.4) 1 (1.7) 4 (6.7) 2 (3.4) 
No NBG 56 (96.6) 59 (98.3) 54 (93.3) 56 (96.6) 
Pitting 0 (0) 1 (1.7) 7 (12.1) 0 (0) 
No pitting 58 (100) 59 (98.3) 51 (87.9) 58 (100) 
 
 
Total 
Erosion 0 (0) 3 (2.5) 1 (0.9) 5 (4.3) 
No erosion 116 (100) 116 (97.5) 116 (99.1) 112 (95.7) 
NBG 2 (1.7) 1 (0.8) 8 (6.8) 4 (3.4) 
No NBG 114 (98.3) 118 (99.2) 109 (93.2) 113 (96.6) 
Pitting 0 (0) 2 (1.7) 14 (12.0) 0 (0) 
No pitting 116 (100) 117 (98.3) 103 (88.0) 117 (100) 
 
  Mastoid processes 
 The mastoid processes have been examined for signs of erosion and new 
bone growth in the medial, lateral, anterior and posterior sides and in the external 
meatus. The results are displayed in table 14. The lateral side of the left mastoid 
processes was mostly affected by erosion, with a total 28.8 percent of the lateral 
walls eroded, followed by the posterior and medial sides with respectively 23.7 
and 18.6 percent eroded. In 15.3 percent of the anterior walls erosion was 
identified, while in 3.3 percent erosion in the external acoustic meatus was found. 
In none of the examined sides of the left mastoid processes new bone growth was 
discovered.  
The right mastoid processes show the same pattern of erosion as the left 
mastoid processes. Erosion mostly affected the lateral sides, in 30.0 percent of the 
right mastoid processes, followed by the medial and posterior sides, both with 
25.0 percent affected. In 23.3 percent of the right mastoid processes, erosion of 
the anterior side was identified, while in 3.3 percent of the external ears erosion 
was discovered.  
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The lateral walls were the most affected part of the mastoid processes, 
with 29.4 percent showing signs of erosion. The posterior and medial walls 
followed, with respectively 24.4 and 21.8 percent eroded. The least erosion was 
identified in the external ears, with only 3.4 percent affected.  
 
Table 14. Pathological conditions identified in the mastoid processes from Middenbeemster. The numbers 
between brackets represent percentages of affected or unaffected bones. 
Middenbeemtster 
Mastoid process 
Medial Lateral Anterior Posterior External 
meatus 
 
Left 
Erosion 11 (18.6) 17 (28.8) 9 (15.3) 14 (23.7) 2 (3.4) 
No erosion 48 (81.4) 42 (71.2) 50 (84.7) 45 (76.3) 56 (96.6) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 59 (100) 59 (100) 59 (100) 59 (100) 58 (100) 
 
Right 
Erosion 15 (25.0) 18 (30.0) 14 (23.3) 15 (25.0) 2 (3.3) 
No erosion 45 (75.0) 42 (70.0) 46 (76.7) 45 (75.0) 58 (96.7) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 60 (100) 60 (100) 60 (100) 60 (100) 60 (100) 
 
Total 
Erosion 26 (21.8) 35 (29.4) 23 (19.3) 29 (24.4) 4 (3.4) 
No erosion 93 (78.2) 84 (70.6) 96 (80.7) 90 (75.6) 114 (96.6) 
NBG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
No NBG 119 (100) 119 (100) 119 (100) 119 (100) 118 (100) 
 
4.3 Results of the differential diagnosis 
 The differential diagnosis, made in the materials and methods chapter, 
provided five ear diseases that are identified by the pathological lesions that are 
stated in the results chapter above. Here, the number of individuals per site 
suffering from the different ear diseases are listed. A list of diseases with number 
of affected individuals and percentage of sample size are presented in table 15. 
 Chronic otitis media was identified by erosion of the inferior wall of the 
tympanic cavity and the ear ossicles. In Alkmaar, eight individuals were 
diagnosed with this disease, while in Middenbeemster thirteen individuals were 
affected. For Alkmaar, the percentage of affected individuals was 21.6 percent of 
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the sample size. In Middenbeemster, this percentage was 21.7. The chi-square test 
gave a p-value of p=0.996 with a chi-square value of 0.000. 
Mastoiditis was identified when there were signs of erosion of the walls of 
the mastoid process. Signs of this disease were found in zero individuals from 
Alkmaar, and in five individuals from Middenbeemster. These account for 0 and 
8.3 percent of the sample size, respectively. The chi-square test gave a p-value of 
p=0.071 and a chi-square value of 3.251.   
Otosclerosis was diagnosed when new bone growth was found on the 
walls of the tympanic cavity. This diseases was diagnosed in four individuals 
from Alkmaar, which is 10.8 percent of the sample size. In Middenbeemster, six 
individuals were diagnosed, which is 10.0 percent of the sample size. The chi-
square test gave a p-value of p=0.898 and a chi-square value of 0.016.  
External ear cholesteatoma was identified in the samples when erosion of 
the walls of the external ear occurred. In Alkmaar, four individuals were identified 
that suffered from this disease. This is 10.8 percent of the sample size. Three 
individuals from Middenbeemster suffered from this disease, which is 5.0 percent 
of the sample size. The chi-square test gave a p-value of p=0.283 and a chi-square 
value of 1.154. 
Incudal osteoma was diagnosed when new bone growth was found on the 
body and short process of the incus. In Alkmaar, five individuals were identified 
with new bone growth on the incus, accounting for 13.5 percent of the sample 
size. For Middenbeemster, nine individuals were diagnosed with this disease, 
which is 15.0 percent of the sample size. The chi-square test gave a p-value of 
p=0.840 and a chi-square value of 0.041.   
  Overall, a total of forty-three individuals were found to have suffered 
from one or more diseases of the ear. In Alkmaar, eighteen individuals were 
diagnosed with one or more diseases while in Middenbeemster twenty-five 
individuals were diagnosed. These account for 48.6 and 41.7 percent of the 
sample size, respectively. The chi-square test gave a p-value of p=0.501 and a chi-
square value of 0.452.  
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Table 15. The number and percentages of diseases identified in the samples from Alkmaar and 
Middenbeemster. 
 Alkmaar Middenbeemster 
 N % N % 
Chronic otitis media 8 21.6 13 21.7 
Mastoiditis 0 0.0 5 8.3 
Otosclerosis 4 10.8 6 10.0 
External ear cholesteatoma 4 10.8 3 5.0 
Incudal osteoma 5 13.5 9 15.0 
Overall sickness 18 48.6 25 41.7 
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5. Discussion 
 In this chapter, the results of the research presented in the results chapter 
will be interpreted and discussed. Confounding factors in this research will be 
reviewed. Also, the wider importance of this research will be explained, followed 
by the problems and limitations that occurred during this research.  
The main focus of this thesis is based on modern clinical literature that 
states that ear diseases are more frequently found in individuals living in urban 
environments as opposed to individuals living in rural environments (Browning 
1987, 9). This is confirmed by studies from Pukander et al. (1982) and Okur et al. 
(2004) who found that infectious ear diseases, such as otitis media, were found 
more frequently among urban populations as opposed to rural populations. This 
information led to the main question of this research. Is there a difference in the 
prevalence of ear diseases between an urban and a rural population from two 
historical Dutch sites: Alkmaar and Middenbeemster, respectively? Also, this 
research aims to see which diseases of the ear can be found in general in both the 
urban and rural samples.  
 
5.1 Summary of the main results 
 In this research, a variety of pathological conditions were found in the 
samples from Alkmaar and Middenbeemster. In order to understand the 
pathological changes, a differential diagnosis was used to find the diseases which 
most probably caused the pathologies. Infectious diseases, congenital diseases and 
neoplasms were found in the ninety-seven skeletons (thirty-seven from Alkmaar 
and sixty from Middenbeemster) that were analyzed. Of these, infectious disease 
were found most frequently, with a total of twenty-four individuals affected by 
one or more infectious diseases (table 16).  
Twenty-one individuals were diagnosed with chronic otitis media, eight of 
them from Alkmaar and thirteen from Middenbeemster. These account for 21.6 
and 21.7 percent of the urban and rural samples, respectively. Five people were 
diagnosed with mastoiditis, all from the sample of Middenbeemster. This is 8.3 
percent of the total sample size. Three of the five people suffering from 
mastoiditis did also show signs of chronic otitis media. Otosclerosis, a congenital 
disease, was diagnosed in a total of ten individuals. Four of these come from 
Alkmaar, the other six from Middenbeemster. In percentages, this accounts for 
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10.8 and 5.0 percent of the samples, respectively. Neoplasms were frequently 
found within both populations. Signs for external ear cholesteatoma were found in 
seven individuals. Four of them originating from Alkmaar, accounting for 10.8 
percent of the total sample from Alkmaar. In the sample of Middenbeemster, three 
individuals were diagnosed with this disease, which is 5.0 percent of the sample 
size. Osteoma on the incus was also found frequently, with a total of fourteen 
individuals diagnosed within the whole sample. Of these, five individuals come 
from Alkmaar, and account for 13.5 percent the that sample. Nine individuals are 
from Middenbeemster, which is 15.0 percent of the sample.  
 
Table 166. The percentages of individuals from Alkmaar and Middenbeemster that suffered from one of 
the diseases. The x-axis represents the different diseases, and the y-axis represents the percentages. 
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 The overall prevalence of ear disease is determined by combining all data 
and counting the number of individuals that suffered from one or more diseases in 
their lifetime. Based on this, a total of forty-three individuals suffered at least 
from one ear disease within the total sample of Alkmaar and Middenbeemster 
combined. Of these affected individuals, eighteen are from the sample of 
Alkmaar. This means that 48.6 percent, almost half of the sample, suffered from 
an ear disease in their life. For Middenbeemster, the number of affected 
individuals is higher, namely twenty five. However, in percentages this number is 
lower than we saw in the sample of Alkmaar, with 41.7 percent of the individuals 
that were affected by an ear disease. So in percentages, slightly more individuals 
were suffering from an ear disease in Alkmaar as opposed to individuals from 
Middenbeemster. Nonetheless, the chi-square tests gave no significant difference 
in the prevalence of ear diseases between the samples. For chronic otitis media 
with or without a cholesteatoma, the outcome was p=0.996, which is far from 
significant. For mastoiditis the p=0.071. The p-value for otosclerosis was 
p=0.898. For the external ear cholesteatoma, the p-value is p=0.283, and for 
incudal osteoma p=0.840. The overall prevalence of ear diseases in the samples 
has also been tested, and gave a result of p=0.501. Thus, none of the statistical 
tests on the prevalence of ear diseases between the sites Alkmaar and 
Middenbeemster provided significant results.   
  
5.2 Infectious ear diseases in Alkmaar and Middenbeemster 
 Ear diseases were frequently found within both the Alkmaar and the 
Middenbeemster sample. Although the overall percentage of affected individuals 
was slightly higher in Alkmaar than in Middenbeemster, no significant differences 
between the two sites were found. The null hypothesis, which was to find more 
ear diseases in the sample of Alkmaar than in the sample from Middenbeemster, 
can therefore be rejected on the basis of the statistical analysis. The prevalence of 
chronic otitis media and mastoiditis, both infectious diseases, was the same in 
both samples. Mastoiditis was even found more in Middenbeemster, as it was not 
found in a single skeleton from Alkmaar. As the differences were not significant, 
this shows that there are no clear differences in the prevalence of infectious 
diseases in the ear between both samples, suggesting that the living environment 
probably did not play a role in the prevalence of such diseases. 
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 Before interpreting the results from this research, other confounding 
factors that could mask the differences between the sites of Alkmaar and 
Middenbeemster have to be taken into account. First, the sample of Alkmaar 
consists of 37 individuals while the sample of Middenbeemster counts 60 
individuals, which is almost double the sample size of Alkmaar. The difference in 
sample sizes is caused by the lack of skeletons with ear ossicles from Alkmaar. 
The thirty-seven skeletons were the only ones that contained ear ossicles. The 
number of skeleton with ear ossicles from Middenbeemster was higher, with 
almost eighty skeletons containing ear ossicles. It was possible to create equal 
sample sizes for both sites by selecting the same number of skeletons from each 
sample. However, it was in favor for this research to have a higher sample size 
since this would enlarge the chance of finding ear diseases, therefore more 
skeletons from Middenbeemster were selected to create a bigger sample. On the 
other hand, there is a higher chance to find ear diseases in the Middenbeemster 
sample, since it is bigger than the Alkmaar sample. This distorts the results since 
it seems there are as many individuals suffering from ear diseases in 
Middenbeemster as there are in Alkmaar. However, if the samples were equal, it 
could be possible that more individuals with ear diseases were found in the 
Alkmaar sample as opposed to the Middenbeemster sample. This is a factor that 
has to be taken into account before the results can be interpreted.  
 Second, there is a gap of more than 250 years between the periods in 
which the samples of Alkmaar (1486-1568) and Middenbeemster (1829-1866). 
The time difference between the samples could influence the results from this 
study, as there are differences between the two periods. It could be possible that 
population density in Alkmaar was lower than what we know from urban 
environments in that period, which means that the city was less crowded and 
infectious diseases did not spread so fast as we would think. This could cause a 
lack of infectious ear diseases, creating more equal samples between Alkmaar and 
Middenbeemster. It is also possible that it was the other way around, and that the 
rural site Middenbeemster had a higher population density than we think, enabling 
infectious diseases to spread more easily among the inhabitants, and causing a 
higher prevalence of infectious ear diseases. This could distort the results as the 
prevalence of infectious ear diseases was more equal between the sites. These 
confounding factors could create a bias in the results, causing the hypothesis that 
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was created to be disregarded. However, there are also other possible explanations 
for the samples to have equal prevalence numbers of ear diseases, such as 
distortion due to the osteological paradox, smoking, air pollution and socio-
economical differences.  
The findings from this research, stated above, contradict the results from 
modern clinical studies, such as the ones from Pukander et al. (1982) and Okur et 
al. (2004) who found that infectious diseases of the ear were more frequently 
found in people living in urban and crowded places as opposed to people living in 
rural and less crowded places, since in crowded places people live closer together 
and have more contact with each other, making it easier for infectious diseases to 
spread. This trend is not identified within the data from this study. A possible 
explanation for this discrepancy can be that not all diseases in the ear leave traces 
within the skeletal record. This phenomenon has been described by Roberts 
(2010, 167), who states that the vast majority of infections only affect the soft 
tissues in the human body. Adding to this, infectious diseases can be lethal within 
a short time span, giving the body and the skeleton no chance to react on the 
infection, thus leaving no traces in the skeleton of the dead individual (Roberts 
2010, 167). This is also called the osteological paradox, which means that a 
seemingly healthy skeleton could be from a person that attracted a disease and 
died soon afterwards, leaving no visible cause of death in the skeleton. This is in 
converse to an individual with many pathological lesions who lived long enough 
for the disease to create changes in the skeleton. This suggests that a person with 
pathological lesions was probably healthier than a person that shows no 
pathological lesions whatsoever (Milner et al. 2008, 566-567). So it could be a 
possibility that more individuals suffered from an infectious disease in the ear but 
that they died before the disease was able to leave traces in the skeleton of that 
individual, causing a discrepancy between the real prevalence of the disease and 
the prevalence of the disease found in the skeletal sample of that site. For 
instance, it is possible that the number of individuals from Alkmaar suffering 
from an ear diseases was higher than those from Middenbeemster, however more 
of the individuals from Alkmaar died before the body could get the chance to 
react to the disease. So when we look at their skeletal records, it would seem that 
the number of individuals suffering from ear diseases was equal in both Alkmaar 
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and Middenbeemster, while the actual number of affected individuals was higher 
in Alkmaar as in Middenbeemster.  
Contributing to the complexity caused by the osteological paradox, the 
clinical data on which the hypothesis of this study was based are taken from 
people living in modern society. Nowadays, diseases are generally quickly 
diagnosed. It could be possible that a disease, such as otitis media, in an early 
stage only affects the soft tissues in the middle ear, and in a more advanced stage 
of the disease also the hard tissues are affected. However, diseases are often 
treated in an early stage, giving it no chance to cause severe damage to the bones 
of the ear. Therefore, the prevalence rates of ear diseases in modern clinical 
studies can be higher than those found in archaeological samples, since the 
modern studies include diseases affecting only the soft tissues while the 
archaeological studies only focus on diseases affecting the hard tissues.  
Another explanation for the similarities in the prevalence of infectious ear 
diseases between Alkmaar and Middenbeemster could be that the prevalence is 
not directly related to the living environments or hygiene of the population. For 
instance, in a study from Caylan et al. (2006) investigating modern urban and 
rural schoolchildren, no significant difference in the prevalence of otitis media 
between the two environments was found. A research on modern schoolchildren 
from Colorado, U.S.A, from Bondy et al. (2000) even found a higher incidence of 
otitis media in rural populations as opposed to urban populations. It can therefore 
be speculated if living environment and hygiene play such a big role in the 
prevalence of infectious diseases in the ear, since the studies from Caylan et al 
(2006) and Bondy et al. (2000) provided results contradicting this hypothesis. It is 
possible that other factors played a larger role in the prevalence, such as smoking 
or the industrialization.  
The samples of Alkmaar and Middenbeemster were studied in the 
osteological lab of the University of Leiden, and it became apparent that the teeth 
from individuals from Middenbeemster contained holes, which were identified as 
pipe notches. Furthermore, pipe stems were found within some of the graves. The 
teeth from the Alkmaar sample did not have pipe notches. This corresponds with 
the historical information about smoking in Europe. The smoking of tobacco with 
the use of pipes for pleasure became normal at the end of the sixteenth century in 
England, and spread to the Netherlands in the first half of the seventeenth century 
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(Doll 1998, 88). As the sample of Alkmaar dates from the fifteenth and first half 
of the sixteenth century, it predates the arrival of pipe smoking in the Netherlands. 
The sample from Middenbeemster however dates to the seventeenth to nineteenth 
century, when pipe smoking had arrived in the Netherlands. This is confirmed by 
pipe notches that have been found in the teeth from the sample of 
Middenbeemster. Thus, it is known that individuals in the sample from 
Middenbeemster smoked tobacco with pipes, while this did not happen in 
individuals from Alkmaar.  
The fact that smoking affects the smoker is a long standing given, as in 
1929 the first study, done by Fritz Lickint, on the relation between lung cancer 
and smoking gave significant statistical results. A few years later, the dangers of 
second hand or passive smoking were also found (Brawley et al. 2014, 5). From 
then on, research on the relationship between smoking and health accelerated and 
showed a positive correlation between smoking and general health (Brawley et al. 
2014, 6). As smoking affects the general health of a person, it can be imagined 
that the health status of the ear will also be affected by the inhaling of smoke, as 
the middle ear is directly connected with the nasopharynx by the Eustachian tube 
(Adunka and Buchman 2011, 11).The smoke can cause bacteria to better adhere in 
the respiratory system and cause a depression of the immune system, making 
individuals more susceptible for infectious ear diseases such as otitis media 
(www.sciencedaily.com). Studies from Paradise et al. (1997), Zhang et al. (2014), 
Jensen et al. (2013) and Csákányi et al. (2012) all found a relation between 
smoking and the occurrence of otitis media. Thus it could be that the prevalence 
of infectious ear diseases is higher in Middenbeemster because they smoked and 
people were more susceptible for such diseases, as for Alkmaar people did not 
smoke so they were not more susceptible for infectious ear diseases. Possibly, this 
process could mask the differences in prevalence of infectious ear diseases 
between the urban site Alkmaar and the rural site Middenbeemster, making them 
more equal to eachother. 
Another factor that could have influenced the prevalence of infectious 
diseases is the industrialization. The industrialization in Europe occurred around 
the beginning of the nineteenth century, causing the rapid growth of cities and 
industries (Wintle 2000, 75-83). Although this process was delayed in the 
Netherlands, it began around the 1850’s, during the period that the 
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Middenbeemster sample lived, deceased and was buried. One of the major 
consequences of the industrialization is poor air quality. According to Brunekreef 
and Holgate (2002), fine particulate matter originating from industrial emissions 
has a significant effect on the number of non-malignant respiratory deaths. A 
human life can be shortened by 1 to 2 years as a result of exposure to fine 
particulate matter, which is a fairly high number. As the negative effect of smoke 
on the respiratory tract system and immune system of an individual is 
demonstrated, it could be assumed that emissions from industries have the same 
effect. Thus, bacteria would adhere better in the respiratory system and depression 
of the immune system could cause an individual to be more susceptible for 
infectious ear diseases. Since the individuals from the Middenbeemster lived in a 
period in which the industrial revolution emerged, it could be possible that they 
were more susceptible to infections in the ear as a result of the air pollution 
caused by industrial emissions. This effect could mask the differences in 
prevalence of infectious ear diseases between Alkmaar and Middenbeemster, as 
the sample of Alkmaar lived centuries before the start of the industrial revolution 
in the nineteenth century.  
Finally, a possible explanation for the masking of the differences between 
the urban and rural sites is the difference in socio-economical status of the 
interred populations. The population interred in the monastery in Alkmaar 
consists of a mix of wealthy and poor citizens. In the cemetery of 
Middenbeemster, mainly common citizens from Middenbeemster and surrounding 
villages were buried (www.humanosteoarchaeology.com). According to 
Browning (1987, 13) and Zhang et al. (2014, 7), otitis media is more prevalent in 
low socioeconomic groups as opposed to more wealthy groups. This is due to 
poor general health and overcrowded housing, enabling infectious diseases to 
spread more easily (Browning 1987, 13). It is possible that the population interred 
in Alkmaar consisted of more wealthy individuals than poor individuals, creating 
a bias in the prevalence of infectious ear diseases as these are less common in the 
higher socio-economic groups. This would mean that there are less infectious ear 
diseases due to the higher socio-economic population interred in the cemetery. As 
for Middenbeemster, the population interred in the cemetery possibly did not 
belong to the higher socio-economic group. In this way, the differences in socio-
economic groups interred in Alkmaar and Middenbeemster could mask the 
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differences in prevalence of infectious ear diseases between urban and rural sites. 
As the population in Alkmaar consists partially of wealthy individuals, while this 
is possibly not the case in Middenbeemster. Therefore, less infectious ear diseases 
were identified in Alkmaar, while the prevalence of such diseases in 
Middenbeemster remained stable.  
 
5.3 Identified ear diseases in Alkmaar and Middenbeemster 
Another focus of this research was to see which ear diseases could be 
identified by macro- and microscopic research on the samples from Alkmaar and 
Middenbeemster. In total, five different types of ear diseases were identified: 
chronic otitis media, mastoiditis, otosclerosis, external ear cholesteatoma, and 
incudal osteoma. Of these, chronic otitis media and mastoiditis were already 
discussed. The other diseases are not infectious, but congenital and neoplasms.  
Otosclerosis is a congenital disease, meaning that it is caused by genetic or 
environmental factors. The exact cause for otosclerosis to develop is still unclear 
(Beales 1987, 2). In the samples from Alkmaar and Middenbeemster, otosclerosis 
was identified in respectively 10.8 and 10.0 percent. Since the exact cause of 
otosclerosis is not known, it is difficult to address why the prevalence of this 
disease is equal in both samples. The modern prevalence of otosclerosis differs 
per population, but in Caucasian populations the prevalence lies around the 10.0 
percent (Beales 1987, 2-3). This corresponds with the prevalence numbers found 
in this study, suggesting that otosclerosis was as common in fifteenth, sixteenth 
and nineteenth century Dutch populations as it is in modern Caucasian 
populations. 
 A consequence of otosclerosis is stapedial footplate fixation, which 
happens when the sclerotic area is situated in the vicinity of the oval window. The 
new bone growth can cause the stapes to fuse with the oval window, ultimately 
leading to hearing loss (Davis 1987, 274). Stapedial footplate fixation has been 
identified in archaeological skeletons, as the study from Birkby and Gregg (1975) 
has shown. Although otosclerosis has been found in the samples from Alkmaar 
and Middenbeemster, stapedial footplate fixation was not identified in any of the 
studied skeletons. This is not surprising as a search for stapedial footplate fixation 
in 2.379 skulls from an archaeological site did not yield any results (Birkby and 
Gregg 1975, 81). Although stapedial footplate fixation was not found in the 
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samples from Alkmaar and Middenbeemster, it is proven that otosclerosis can be 
identified in skeletal material from Dutch sites.    
 In the samples from Alkmaar and Middenbeemster, neoplasms are 
identified in the form of external ear cholesteatomas and incudal osteomas. 
External ear cholesteatomas are accumulations of dead epithelial cells that are 
trapped in some way, and become infected (Adunka and Buchman 2011, 136). 
This type of neoplasm can cause erosion and bone resorption of the ear ossicles, 
tympanic cavity and the external auditory meatus (Browning 1987, 19-23). The 
lesions found in the inferior walls of the external ears correspond with 
descriptions of lesions caused by external ear cholesteatoma. In the sample of 
Alkmaar, 10.8 percent of the individuals showed signs of this disease, while in 
Middenbeemster only 5.0 percent of the individuals were affected. These 
prevalence rates are high, as in modern clinical sources prevalence rates of 12.6 
per 100.000 individuals are stated (Adunka and Buchman 2011, 138), which is 
less than one percent. It can only be speculated why the prevalence rates in the 
samples from Alkmaar and Middenbeemster are so high in comparison with 
modern prevalence rates. It could be possible that the characteristic lesions caused 
by external ear cholesteatoma are also caused by other diseases in the external ear. 
However, based on the differential diagnosis, other diseases should be ruled out as 
a cause for the lesions in the external auditory meatus. Another possibility is that 
post-mortem erosion of the external ear canal created fake lesions in the walls of 
the canal, making it seem as the individual suffered from a disease. Yet, it could 
also be that in historical populations external ear cholesteatomas occurred more 
frequently due to a higher prevalence of otitis media (a precursor of external ear 
cholesteatoma) and poorer ear hygiene. This shows that external ear 
cholesteatoma can thus be identified in skeletal material from Dutch sites, 
although the prevalence is too high in terms of modern clinical data. 
 Incudal osteomata are a type of neoplasms that are found on the medial 
side of the body and short process of the incus, one of the ear ossicles. There are 
few studies done on incudal osteomata. Arensburg et al. (2005) have reported 
cases of incudal osteomata in ancient and modern populations. The cause for an 
osteoma to develop specifically on the medial side of an incus is probably related 
to an abnormal blood supply on that side of the incus (Arensburg et al. 2005, 
1165-1166). The prevalence rates of this neoplasm are not known, but it was 
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frequently found in the samples from Alkmaar and Middenbeemster. In the 
sample of Alkmaar, 13.5 percent of the individuals had one or more osteomata on 
the medial side of the incus, while in the sample of Middenbeemster 15.0 percent 
was affected. The study from Arensburg et al. (2005) investigated 1170 incudes 
from different populations and found 41 incudes with osteomata. This number is 
far less than what is found in the samples from Alkmaar and Middenbeemster. 
Why this number is so much higher is not known, but it is possible that such 
neoplasms are more prevalent in populations like Alkmaar and Middenbeemster, 
i.e. Caucasian populations, than among Middle-Eastern populations that were 
studied by Arensburg et al. (2005). Further research could give more insights in 
why this type of neoplasm develops and what the prevalence rates are among 
different populations.  
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6. Conclusion 
 The aim of this research is to see if there are differences in the prevalence 
of infectious ear diseases between the Dutch archaeological urban site Alkmaar 
and the rural site Middenbeemster. Additionally, the samples are investigated to 
see which ear disease can be identified. The results of this study showed that there 
was no significant difference in the prevalence of infectious ear diseases between 
the samples. Therefore, the hypothesis that there should be more infectious ear 
diseases in the urban site as opposed to the rural site was rejected. Differences in 
sample size and historical period possibly have contributed to the masking of 
these differences. Other possible factors, such as pipe smoking, air pollution due 
to industrial emissions, and the differences in socio-economic statuses of the 
interred population can have contributed to the masking of differences in the 
prevalence of infectious ear diseases. Pipe smoking and the industrial revolution 
occurred in the time that the individuals from the Middenbeemster people lived. 
The individuals from Alkmaar were not affected by these factors as they lived 
approximately 250 years earlier, in the sixteenth century, and these factors were 
not present yet. Also, the population of Alkmaar consists of wealthy and poor 
individuals, while the population from Middenbeemster possibly did not consist 
of wealthy individuals but instead of more common people. As the prevalence of 
infectious ear diseases is affected by these factors, it is possible that they 
contributed in the masking of the urban and rural prevalence differences that are 
found in modern clinical sources.   
 A total of five different ear diseases are identified in the samples from 
Alkmaar and Middenbeemster. Signs of chronic otitis media and mastoiditis, both 
infectious diseases, were found the most. These are followed by external ear 
cholesteatoma and incudal osteoma, both neoplasms. And finally otosclerosis, 
which is a congenital disease, was indentified the least. This proves that signs of  
such diseases are easily recognizable in archaeological samples and that they can 
be identified by macro- and microscopic research.  
 Within the archeological research area, there are very few studies done on 
diseases in the ear, while the modern clinical research on this topic is extensive 
and detailed. The theological relevance of this research is to expand the 
knowledge on ear diseases in archaeological samples, such as the ones from 
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Alkmaar and Middenbeemster. This study can be used as a starting point for 
future research on ear diseases and their relevance to living environments. 
 
6.1 Future research 
 During this research, it became apparent that there are some gaps in our 
knowledge of ear diseases in archaeological populations. Little research has been 
done on the pathological lesions of specific ear diseases, such as otitis 
media/externa and cholesteatomas. It would be rewarding to extent research on 
these diseases, as they leave distinct traces in the human skeleton, which has been 
proven in this study. More knowledge on the prevalence of such diseases possibly 
could tell us more about the environments people lived in, if the possibly smoked 
or not and from what socio-economic they had.  
 Not only could such research benefit archaeological research. Clinical 
knowledge of the consequences of long-lasting ear diseases could be broadened as 
in today’s world, diseases are often treated before they have the chance to cause 
severe damage to people. With the information from ear diseases in 
archaeological samples, it is possible to determine what diseases can do when 
they reach an advanced stage. Also, prevalence rates of diseases that are not 
visible in living humans and that do not always cause symptoms, such as 
otosclerosis, could be determined more precise by using data from archaeological 
skeletal populations, since they are more easily examinable then living humans.  
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Appendix A     Malleus 
Skelet ID Sex Age N. of ossicles Pathology 
     
Photonumbers  
 
    Left                             Right 
 Lateral             Medial                                        Lateral                                Medial 
 
 
 
 
 
 
 
 
 
Left Right 
  
 
   Anterior               Posterior          Anterior                     Posterior 
 
 
 
 
 
 
 
 
 
 
Erosion score left 
Head  
Neck  
Anterior process  
Lateral process  
Manubrium  
 
New bone 
growth 
score left Woven vs. 
lamellar 
Head   
Neck   
Anterior process   
Lateral process   
Manubrium   
 
Osteoma score left 
Head  
Neck  
Anterior process  
Lateral process  
Manubrium  
Erosion score right 
Head  
Neck  
Anterior process  
Lateral process  
Manubrium  
New bone 
growth 
score right Woven vs. 
lamellar 
Head   
Neck   
Anterior process   
Lateral process   
Manubrium   
Osteoma score right 
Head  
Neck  
Anterior process  
Lateral process  
Manubrium  
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Incus 
Skelet ID Sex Age N. of ossicles Pathology 
     
Photonumbers  
 
      Left                    Right 
        Lateral         Medial           Lateral    Medial 
 
 
 
 
 
  
 
Left Right 
  
      Anterior        Posterior          Anterior   Posterior 
 
 
 
  
 
 
 
 
 
 
Erosion score left 
Body  
Short process  
Long process  
Lenticular 
process 
 
 
New bone 
growth 
score left Woven vs. 
lamellar 
Body   
Short process   
Long process   
Lenticular 
process 
  
 
Osteoma score left 
Body  
Short process  
Long process  
Lenticular 
process 
 
 
 
 
Erosion score right 
Body  
Short process  
Long process  
Lenticular 
process 
 
New bone 
growth 
score right Woven vs. 
lamellar 
Body   
Short process   
Long process   
Lenticular 
process 
  
Osteoma score right 
Body  
Short process  
Long process  
Lenticular 
process 
 
82 
 
Stapes 
Skelet ID Sex Age N. of ossicles Pathology 
     
Photonumbers  
 
           Left              Right 
 Lateral   Medial    Lateral   Medial 
  
 
 
 
 
 
 
   
 
 Superior  Inferior   Superior      Inferior 
         
 
 
 
 
 
 
 
 
  
 
 
 
 
Erosion score left 
Head  
Anterior limb  
Posterior limb  
Base  
 
New bone 
growth 
score left Woven vs. 
lamellar 
Head   
Anterior limb   
Posterior limb   
Base   
 
Osteoma score left 
Head  
Anterior limb  
Posterior limb  
Base  
 
 
Left Right 
  
Erosion score right 
Head  
Anterior limb  
Posterior limb  
Base  
New bone 
growth 
score right Woven vs. 
lamellar 
Head   
Anterior limb   
Posterior limb   
Base   
Osteoma score right 
Head  
Anterior limb  
Posterior limb  
Base  
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Tympanic cavity 
Skelet ID Sex Age N. of ossicles Pathology 
     
Photonumbers  
 
        Left   Right 
             
           Medial          Lateral       Medial                     Lateral 
 
 
 
 
 
 
 
 
          Anterior                   Posterior                Anterior             Posterior 
 
 
 
 
 
 
 
 
         Superior            Inferior               Superior                       Inferior 
 
 
 
 
 
 
 
 
 
 
Left cavity Score erosion Score NBG Woven/Lamellar     Score osteoma 
Medial wall     
Lateral wall     
Anterior wall     
Posterior wall     
Superior wall     
Inferior wall     
 
Right cavity Score erosion Score NBG Woven/Lamellar     Score osteoma 
Medial wall     
Lateral wall     
Anterior wall     
Posterior wall     
Superior wall     
Inferior wall     
Left Right 
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External auditory meatus 
Skelet ID Sex Age N. of ossicles Pathology 
     
Photonumbers  
 
      Left    Right 
    
   Anterior              Anterior 
 
 
 
 
 
 
 
   Posterior                          Posterior 
 
 
 
 
 
 
   Superior                          Superior 
 
 
 
 
 
 
    Inferior               Inferior 
 
 
 
 
 
 
 
Left meatus 
 
Score 
erosion 
Score Pitting Score NBG Woven/ 
Lamellar 
Score osteoma 
Anterior wall      
Posterior wall      
Superior wall      
Inferior wall      
 
Right meatus 
 
Score 
erosion 
Score Pitting Score NBG Woven/ 
Lamellar 
Score osteoma 
Anterior wall      
Posterior wall      
Superior wall      
Inferior wall      
 
Left Right 
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Mastoid process 
Skelet ID Sex Age N. of ossicles Pathology 
     
Photonumbers  
 
     Left      Right  
  
   Lateral                 Lateral 
 
 
 
 
 
 
 
 
 Medial                 Medial 
 
 
 
 
 
 
 
 
        Anterior   Posterior   Anterior   Posterior 
 
 
 
 
 
 
 
 
 
Left Mastoid Score erosion Score NBG Woven/Lamellar Score osteoma Drainage hole 
Lateral side      
Medial side      
Anterior side      
Posterior side      
External auditory 
meatus 
     
 
Right Mastoid Score erosion Score NBG Woven/Lamellar Score osteoma Drainage hole 
Lateral side      
Medial side      
Anterior side      
Posterior side      
External auditory 
meatus 
     
Left Right 
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Differential diagnosis 
Skelet ID Sex Age N. of ossicles Pathology 
     
Photonumbers  
 
 
Otitis media Pathology left Pathology right Diagnosis 
Ear ossicles    
Tympanic cavity    
 
Mastoiditis Pathology left Pathology right Diagnosis 
Mastoid process    
 
Cholesteatoma Pathology left Pathology right Diagnosis 
External auditory 
meatus 
   
Tympanic cavity    
Ear ossicles    
 
Otosclerosis Pathology left Pathology right Diagnosis 
Stapedial footplate 
fixation 
   
 
Tympanosclerosis Pathology left Pathology right Diagnosis 
Ossification in ear 
ossicles 
   
Ossification in 
tympanic membrane 
   
 
Osteoma Pathology left Pathology right Diagnosis 
External auditory 
meatus 
   
Tympanic cavity    
Ear ossicles    
 
Diagnosis 
Otitis media 
 
Mastoiditis Cholesteatoma Otosclerosis Tympanosclerosis Osteoma 
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Abstract 
 In modern clinical sources, the prevalence of infectious ear diseases is 
usually higher in urban environments as opposed to rural environments. Due to 
overcrowding, poor hygiene and high intensity of contact with other people, 
infectious diseases tend to spread more easily in such environments.  In this 
research, the research questions is: Are we able to see differences in the 
prevalence of infectious ear diseases between the skeletal populations from an 
urban and a rural site? Also, the populations are examined to which ear diseases 
can be identified in skeletal populations.  
 The skeletal populations used are from Alkmaar and Middenbeemster. The 
population from Alkmaar originates from the 15
th
 and 16
th
 century, and consists of 
37 usable skeletons. The population from Middenbeemster originates from mainly 
the 19
th
 century and consists of 60 usable skeletons. The ear ossicles, tympanic 
cavities, external ears and mastoid processes are examined for pathological 
conditions.  
 In total, the number of individuals affected by ear diseases was 18 in 
Alkmaar and 25 in Middenbeemster. Infectious diseases were found most 
frequently, followed by neoplasms and congenital diseases. Overall, more 
infectious diseases were found in Middenbeemster as opposed to Alkmaar. No 
significant differences in prevalence of infectious ear diseases or overall ear 
sickness were found. It can therefore be suggested that living environment did not 
affect the prevalence of infectious ear diseases and overall ear sickness in these 
historical populations. Possible explanations for the masking of these differences 
can be the osteological paradox, smoking, air pollution and socio-economic status.  
 This research shows that ear diseases can be identified within skeletal 
populations from the Netherlands. Not only infectious diseases, but also 
congenital diseases and neoplasms are identified. This research can be a starting 
point for further research on ear diseases in general and infectious ear diseases 
specific.   
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Samenvatting 
 In moderne klinische bronnen, de prevalentie van infectie ziekten in het 
oor is meestal hoger in stedelijke omgevingen, in tegenstelling tot landelijke 
omgevingen. Door overbevolking, slechte hygiëne en hoge mate van contact met 
andere mensen, kunnen infectie ziekten zich vaak gemakkelijker verspreiden in 
een dergelijke omgeving. De onderzoeksvraag van deze studie is: Zijn we in staat 
om verschillen in de prevalentie van infectie ziekten in het oor tussen het skelet 
populatie van een stedelijke en een landelijke site te zien? Ook zijn de population 
onderzocht naar welke ziekten in het oor precies geïdentificeerd kunnen worden. 
De skelet populaties die zijn gebruikt zijn afkomstig uit Alkmaar en 
Middenbeemster. De populatie uit Alkmaar is afkomstig uit de 15e en 16e eeuw, 
en bestaat uit 37 bruikbare skeletten. De populatie van Middenbeemster is 
afkomstig uit voornamelijk de 19e eeuw en bestaat uit 60 bruikbare skeletten. De 
gehoorbeentjes, midden oren, externe oren en mastoid processen worden 
onderzocht op pathologische kenmerken. 
In totaal zijn 18 personen uit Alkmaar en 25 personen uit Middenbeemster 
gevonden die hebben geleden aan een of meedere ziekten in het oor. Infectie 
ziekten werden het vaakst gevonden, gevolgd door gezwellen en aangeboren 
ziekten. In totaal werden meer infectie ziekten gevonden in Middenbeemster in 
tegenstelling tot Alkmaar. Er zijn geen significante verschillen in de prevalentie 
van infectie ziekten in het oor of algemene ziekte in het oor gevonden. Derhalve 
kan worden verondersteld dat leefomgeving geen invloed heeft gehad op de 
prevalentie van infectie ziekten in het oor en algemene ziekten in het oor in deze 
historische populaties. Mogelijke verklaringen voor het maskeren van deze 
verschillen zijn het osteologische paradox, roken, luchtvervuiling en sociaal-
economische status. 
Dit onderzoek toont aan dat oor ziekten kunnen worden geïdentificeerd in 
skelet populaties uit Nederland. Niet alleen infectieziekten, maar ook aangeboren 
ziekten en tumoren kunnen worden geïdentificeerd. Dit onderzoek kan een 
uitgangspunt voor verder onderzoek naar het oor ziekten in het algemeen en 
specifiek infectie ziekten in het oor. 
 
